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Publications by Surrey Jacobs: 1946-2009 

(in chronological order) 

Anderson DJ, Jacobs SWL 8c Malik AR (1969) Studies on structure in plant communities 
VI. The significance of pattern evaluation in some Australian dry-land vegetation types. 
Australian Journal of Botany 17: 315-322. 

Jacobs SWL (1971) Systematic position of the genera Triodia R.Br. and Plectrachne 
Henr. (Gramineae). Proceedings of the Linnean Society of New South Wales 96 (3)- 
175-185. 

Jacobs SWL (1973) Practical plant ecology: principles of measurement and sampling. 
Science Bulletin 18:47-48. 

Carolin RC, Jacobs SWL & Vesk M (1973) The structure of the cells of the mesophyll 
and parenchymatous bundle sheath of the Gramineae. Botanical Journal of the Linnean 
Society 66: 259-275. 

Jacobs SWL (1974) Ecological studies on the genera Triodia R.Br. and Plectrachne Henr. 
in Australia. Ph.D. thesis, University of Sydney. 

Carolin RC, Jacobs SWL 8c Vesk M (1975) Leaf structure in Chenopodiaceae. Botanische 
Jahrbiicher fiir Systematik 95: 226-255. 

Carolin RC, Jacobs SWL 8c Vesk M (1977) The ultrastructure of Kranz Cells in the 
family Cyperaceae. Botanical Gazette 138: 413-419. 

Carolin RC, Jacobs SWL 8c Vesk M (1978) Kranz cells and mesophyll in the 
Chenopodiales. Australian Journal of Botany 26: 683-698. 

Jacobs SWL 8cChapman EA (1979) Photosynthetic responses in semi-arid environments. 
Pp. 41-53 in Graetz RD 8c Howes KMW (eds) Studies of the Australian Arid Zone. IV. 
Chenopod Shrublands. Proceedings of a Symposium held by the Rangelands Research 
Unit of the Division of Land Resources Management.(CSIRO, Melbourne) 

Raison JK, Chapman EA, Wright LC 8c Jacobs SWL (1979) Membrane lipid transitions: 
their correlation with the climatic distribution of plants. Pp. 177-186 in Lyons JM, 
Graham D 8c Raison JK (eds) Low Temperature Stress in Crop Plants: the Role of the 
Membrane. (Academic Press, New York) 

Jacobs SWL 8c Williams A (1980) Notes on the genus Zostera s. lat. in New South Wales 
Telopea 1:451-455. 

Jacobs SWL (1980) A new species of Samolus (Primulaceae). Journal of the Adelaide 
Botanic Gardens 2: 187-189. 

Aston HI 8c Jacobs SWL (1980) Hydrocleys nymphoides (Butomaceae) in Australia 
Muelleria 4: 285-293. 

Vickery JW 8c Jacobs SWL (1980) Nassella and Oryzopsis (Poaceae) in New South 
Wales. Telopea 2: 17-23. 

Jacobs SWL (1980) Pyric cycles in Triodia malice. Pp. 145-146 in Storrier RR 8c 
Stannard ME (eds) Aeolian Landscapes in the Semi-arid Zone of South Eastern Australia. 
(Australian Society of Soil Science Inc. Riverina Branch: Wagga Wagga) 
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Jacobs SWL & Pickard J (1981) Plants of New South Wales. 226 pp. (New South Wales 
Government Printer: Sydney) 

Jacobs SWL (1981) The families Primulaceae, Plumbaginaceae, Gentianaceae. Pp. 
271-272, 274 in Jessop J (ed.) Flora of Central Australia. (Reed: Sydney) 

Jacobs SWL (1981) Man’s impact on native vegetation. Australian Natural History 
20:207-210. 

Jacobs SWL (1981) Proteaceae in focus. Australian Natural Flistory 20: 235-237. 

Jacobs SWL (1981) Plant competition as a management tool. Flowlines 11: 5-8. 

Sainty GR 8c Jacobs SWL (1981) Waterplants of New South Wales, 1st edition. 550 pp. 
(Water Resources Commission, New South Wales: Sydney) 

Jacobs SWL (1982) Relationships, distribution and evolution of Triodia and Plectrachne 
(Gramincae). Pp. 287-290 in Barker WR & Greensladc PJM (eds) Evolution of the Flora 
and Fauna of Arid Australia. (Peacock Publications: Adelaide) 

Wheeler DJB, Jacobs SWL 8c Norton BE (1982) Grasses of New South Wales. 306 pp. 
(University of New England Press: Armidale) 

Jacobs SWL 8c Brock MA (1982) A revision of the genus Ruppia (Potamogetonaceae) 
in Australia. Aquatic Botany 14: 325-337. 

Jacobs SWL (1982) Comment on proposal (520): conservation of Notodanthonia Zotov 
(Gramincae). Taxon 31: 737-743. 

Jacobs SWL (1982) Classification of the Eragrostis curvula complex in Australia. 
Australian Plant Introduction Review 15: 5-14. 

Carolin RC, Jacobs SWL 8c Vesk M (1982) The chlorenchyma of some members of the 
Salicornieae (Chenopodiaceae). Australian Journal of Botany 30: 387-392. 

Jacobs SWL (1983) The families Aizoaceae, Nymphaeaceae, Cabombaceae and 
Nelumbonaceae. Pp. 49-53, 72-73 in Morley B 8c Toelken LI (eds) Flowering plants in 
Australia. (Reeds: Sydney) 

Jacobs SWL (1983) Wetlands Vegetation. Pp. 14-19 in Haigh C (ed.) Parks and Wildlife, 
Wetlands Issue. (National Parks and Wildlife Service: Sydney) 

Everett J 8c Jacobs SWL (1983) Studies in Australian Stipa (Poaceae). Telopea 2: 
391 —400. 

Jacobs SWL (1983) A new combination and a new species of Australian Atriplex 
(Chenopodiaceae). Telopea 2: 453-454. 

Jacobs SWL (1983) The National Herbarium - an insight. Waternews 6: 10. 

Pickard J 8c Jacobs SWL (1983) Vegetation patterns on the Sassafras Plateau. 
Pp. 54-65 in Young RW 8c Nanson CC (eds) Aspects of Australian Sandstone Landscapes. 
(Department of Geography, Wollongong University: Wollongong) 

Burbidge NT 8c Jacobs SWL (1984) Australian Grasses. 283 pp. (Angus and Robertson: 
Sydney) 
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Jacobs SWL (1984) Spinifex. Pp. 131-142 in Cogger HG & Cameron EE (eds) Arid 
Australia. (Australian Museum: Sydney) 

Jacobs SWE 8c Chapman EA (1984) Photosynthesis in some arid zone plants. Pp 
121-130 in Cogger HG 8c Cameron EE (eds) Arid Australia. (Australian Museum: 
Sydney) 

Jackson DL 8c Jacobs SWL (1985) Australian Agricultural Botany. 377pp. (Sydney 
University Press: Sydney) 

Jacobs SWL (1985) A new grass genus from Australia. Kew Bulletin 40: 659-661. 

Jacobs SWL (1985) An earlier name for Panicum whitci (Gramineae). Kew Bulletin 
40:662. 

Jacobs SWL (1985) Adaptation. Pp. 3-6 in Johnstone J (ed.) Plant Adaptations. (Royal 
Botanic Gardens Sydney Education Unit: Sydney) 

Jacobs SWL (1985) Adaptations in water plants. Pp. 7—35 in Johnstone J (ed.) Plant 
Adaptations. (Royal Botanic Gardens Sydney Education Unit: Sydney) 

Jacobs SWL (1985) Adaptations in photosynthesis. Pp. 36-52 in Johnstone J (ed.) Plant 
Adaptations. (Royal Botanic Gardens Sydney Education Unit: Sydney) 

Jacobs SWL 8c Lapinpuro L (1986) Alterations to the census of New South Wales plants. 
Telopea 2: 705-714. 

Jacobs SWL 8c Lapinpuro L (1986) The Australian species of Amphibromus (Poaceae). 
Telopea 2:715-729. 

Vickery JW, Jacobs SWL 8c Everett J (1986) Taxonomic studies in Stipa (Poaceae) in 
Australia. Telopea 3: 1-132. 

Jacobs SWL (1986) Taxonomy of Parramatta Grass and related species. Pp. 11—23 
in Dyason R (ed.) Parramatta Grass and its Control. Proceedings of 1985 meeting, 
New South Wales Department of Agriculture. 

Jacobs SWL (1987) Systematics of the chloridoid grasses. Pp. 277-286 in Soderstrom 
TR, Hilu KW, Campbell CS & Barkworth ME (eds) Grass Systematics and Evolution. 
(Smithsonian Institution Press: Washington D.C) 

Jacobs SWL & Sainty GR (1987) Water weeds into the third century. Pp. 148-151 in 
Lemcrlc D 8c Leys AR (eds) Proceedings of 8th Australian Weeds Conference. 

Sainty GR 8c Jacobs SWL (1987) Waterplants in Australia, 1 st edition. 144 pp. (Sainty 
and Associates: Sydney) 

Jacobs SWL (1988) Notes on Aizoaceae and Chenopodiaceae. Telopea 3: 139-143. 

Jacobs SWL & Highct J (1988) Re-evaluation of the characters used to distinguish the 
genus Enteropogon from Chloris (Poaceae). Telopea 3: 217-221. 

Jacobs SWL (1988) Chionochloa howensis (Poaceae), a new speices of Chionochloa from 
Lord Howe Island. Telopea 3: 281-282. 

Sainty GR 8c Jacobs SWL (1987) Waterplants in Australia, 2 nd edition. 144 pp. (Sainty 
and Associates: Sydney) 
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Jacobs SWL (1988) Progress in Australian aquatic plant taxonomy. Pp. 179-191 in 
Gilligan B, Maddock M 8< McDonald K (eds) Hunter Wetland Trust Symposium. 

Jacobs SWL, Everett J, Connor HE 8c Edgar E (1989) Stipoid grasses in New Zealand. 
New Zealand Journal of Botany 27: 569—582. 

Jacobs SWL (1989) Nymphaea in Australia. Water Garden Journal 5: 14-18. 

Sainty GR, Abell P 8c Jacobs SWL ( 1989) Burnum Burnum’s Wildthings Around Sydney. 
148 pp. (Sainty and Associates: Sydney) 

Jacobs SWL (1990) Amphibromus nervosus (Poaceae), an earlier combination and 
further synonyms. Telopea 3: 599. 

Jacobs SWL (1990) Notes on Australian grasses (Poaceae). Telopea 3:601-603. 

Simon BK 8c Jacobs SWL (1990) Gondwanan grasses in the Australian flora. 
Austrobaileya 3: 239-260. 

Everett J 8c Jacobs SWL (1990) Notes on Stipa (Poaceae) in Australia and Easter Island. 
Telopea 4: 7-11. 

Wheeler DJ, Jacobs SWL 8c Norton BE (1990) Grasses of New South Wales, 2 nd edition. 
313 pp. (University of New England Press: Armidale) 

Jacobs SWL (1990) The families Cabombaceae, Ceratophyllaceae, Nymphaeaceae, 
Papaveraceae and Elatinaceae. Pp. 148-151,169-172,492-493 in Harden GJ (ed.) Flora 
of New South Wales, vol. 1. (New South Wales University Press: Sydney) 

Jacobs SWL 8c Harden GJ (1990) Nyctaginaceae. Pp. 185-188 in Harden GJ (ed.) 
Flora of New South Wales, vol. 1. (New South Wales University Press: Sydney) 

Jacobs SWL 8c Highet J (1990) Aizoaceae. Pp. 188-199 in Harden GJ (ed.) Flora of New 
South Wales, vol. 1. (New South Wales University Press: Sydney) 

Jacobs SWL (1990) Chenopodiaceae. Pp. 206-248 in Harden GJ (ed.) Flora of New 
South Wales, vol. 1. (New South Wales University Press: Sydney) 

Jacobs SWL 8c Lapinpuro I. (1990) Amaranthaceae. Pp. 248-260 in Harden GJ (ed.) 
Flora of New South Wales, vol. 1. (New South Wales University Press: Sydney) 

Sainty GR 8c Jacobs SWL (1991 ) Watcrplants. Pp. 265-273 in Mackay N 8c Eastburn D 
(eds) The Murray. (Murray Darling Basin Commission: Canberra, Australia) 

Connor HE 8c Jacobs SWL (1991) Sex ratios in dioecious Australian grasses: a 
preliminary assessment. Cunninghamia 2: 385-390. 

Jacobs SWL (1992) The genera Monodia, Plectrachne and Triodia. Pp. 1192, 1206- 
1208, 1228-1236 in Wheeler JR (ed.) Flora of the Kimberley Region. (Department of 
Conservation and Land Management: Perth, W.A.) 

Jacobs SWL (1992) New species of Triodia and Plectrachne (Poaceae) from the 
Kimberley. Nuytsia 8(2): 219-223. 

Jacobs SWL (1992) New species, lectotypes and synonyms of Australasian Nymphaea 
(Nymphaeaceae). Telopea 4: 635-641. 

Jacobs SWL (1992) New taxa and a new combination in Triodia (Poaceae). Telopea 
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4:653-659. 

Jacobs SWL (1992) Spinifex ( Triodia, Plectrachne, Symplectrodia and Monodia : Poaceae) 
in Australia. Pp. 47-62 in Chapman GP (ed.) Desertified Grasslands: Their Biology and 
Management. (The Linnean Society of London) 

BeehagGW & Jacobs S (1992) Couchgrass culture in Australia. TurfNotes 11 (3): 10-11. 

Jacobs SWL, McClay KL 8c Simon BK (1993) Review of Dichelachne (Gramineae) in 
Australia. Telopea 5: 325-328. 

Jacobs SWL 8c McClay KL (1993) Sporobolus in New South Wales. Pp. 18-24 in Popovic 
P (ed.) Proceedings of the Giant Parramatta Grass Seminar 1992. NSW Agriculture 
Agdex 647. 

Jacobs SWL (1993) Consider the lilies. Wildlife Australia 30 (1): 7-9. 

Jacobs SWL (1993) Must be the season of the Wet. Wildlife Australia 30 (1): 14-15. 

Jacobs SWL 8c Brock MA (1993) Wetlands of Australia: southern (temperate) Australia. 
Pp. 244—304 in: Whigham DF, Dykyjov D & Hejny S (eds) Wetlands of the World: 
Inventory, Ecology and Management, vol. 1. (Kluwer Academic Publishers: Dordrecht) 

Jacobs SWL, Perrett F, Brock M, Bowmer KH, McCorkcllc G, Rawling J, Strieker J 
8c Sainty GR (1993) Ludwigia peruviana - description and biology. Pp. 225-228 in 
Swarbrick JT, Henderson CWL, Jettner RJ, Streit L 8c Walker SR (eds) Proceedings 
10th Australian and 14th Asian-Pacific Weed Conference, vol. 1. (The Weed Society of 
Queensland: Brisbane) 

Jacobs SWL (1993) The families Aponogetonaceae, Hydrocharitaceae, Alismataccae, 
Juncaginaceae, Lilaeaceae, Najadaceae, Potamogctonaceae (with S. Papassotiriou), 
Zostcraccac, Posidoniaceae.Cymodoccaccacand Zannichclliaceae. Pp. 11-31 in Harden 
GJ (ed.) Flora of New South Wales, vol. 4. (New South Wales University Press: Sydney) 

Jacobs SWL 8c various other contributors (1993) Poaceae. Pp. 410-656 in Harden GJ 
(ed.) Flora of New South Wales, vol. 4. (New South Wales University Press: Sydney) 

Jacobs SWL (1994) Further notes on Nytnphaea (Nymphaeaceae) in Australasia. 
Telopea 5: 703-706. 

Jacobs SWL (1994) Ottelia ovalifolia subsp. chrysobasis (Hydrocharitaceae), a new 
Australian subspecies. Telopea 5: 789-790. 

Jacobs SWL (1994) Aquatic plants, ferns, grasses and tropical weeds of Cape York 
Peninsula. Pp. 43-49 in Cape York Peninsula Scientific Expedition 1992, vol. 2. 
(Royal Geographical Society of Queensland: Brisbane) 

Sainty GR 8c Jacobs SWL (1994) Waterplants in Australia, 3 rd edition. (Sainty and 
Associates: Sydney) 327 pp. 

Benson JS 8c Jacobs SWL (1994) Plant communities of the Monaro lakes. Cunninghamia 
3:651-676. 

Jacobs SWL, Perrett F, Sainty GR, Bowmer KH 8c Jacobs BJ (1994) Ludwigia peruviana 
(Onagraceae) in the Botany wetlands near Sydney, Australia. Australian Journal of 
Marine and Freshwater Research 45(8): 1481-1490. 
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Jacobs SWL, Everett J & Barkworth ME (1995) Clarification of morphological terms 
used in the Stipeae (Gramineae), and a reassessment of Nassella in Australia. Taxon 
44: 33-41. 

Bowmer KH, Jacobs SWL 8c Sainty GR (1995) Identification, biology and management 
of Elodea canadensis, Hydrocharitaceae. Journal of Aquatic Plant Management 
33: 13-19. 

Jacobs SWL, Sainty GR, Adcock PW 8c Hunter GJ (1995) Establishment and spread of 
waterplant species in a constructed wetland at Blacktown, N.S.W., Australia. Pp 193— 
202 in Proceedings of National Conference on Wetlands for Water Quality Control. (James 
Cook University: Townsville) 

Jacobs SWL 8c Wilson KL (1996) A biogeographical analysis of the freshwater plants of 
Australasia. Australian Systematic Botany 9: 169-183. 

Jacobs SWL 8c Everett J (1996) Austrostipa, a new genus, and new names for Australasian 
species formerly included in Stipa (Gramineae). Telopea 6: 579-595. 

Hosking JR, Sainty GR 8c Jacobs SWL (1996) Certainty and uncertainty in plant 
identification. Pp 464—467 in Shepherd RCH (ed.) Proceedings of the eleventh Australian 
weeds conference. (Weed Science Society of Victoria: Melbourne) 

Jacobs SWL (1996) Introduction of weeds to the aquatic environment. Pp 1-17 in Weed 
management in a wetland environment. Proceedings of Weed Society of New South 
Wales Conference, 1996. 

Jacobs SWL 8c Frank KA (1997) Notes on Vallisneria (Hydrocharitaceae) in Australia, 
with descriptions of two new species. Telopea 7: 111-118. 

Jacobs SWL (1997) Astonia (Alismataceae), a new genus for Australia. Telopea 
7: 139-141. 

Sainty GR 8c Jacobs SWL (1997) Hawkesbury-Nepean saltmarsh assessment. Hawkesbury- 
Nepean Catchment Management Trust. 20 pp. 

Sainty GR 8c Jacobs SWL (1997) Hawkesbury-Nepean wetland assessment. Hawkesbury- 
Nepean Catchment Management Trust. 24 pp. 

Jacobs SWL, Lindsay G, Sainty G 8c Skelton N (1997) Wetland and saltmarsh assessment: 
vegetation based protocols and database. Pp 152—155 in Riley S, F.rskine W 8c Shrestha 
S (eds) Proceedings of the Conference on Science and Technology in the Environmental 
Management of the Hawkesbury-Nepean Catchment. Institution of Engineers Australia 
National Conference Publication NCP 97/01; Geographical Society of New South 
Wales Conference Papers No. 14. 

Jacobs SWL 8c Everett J (1997) Jarava plumosa (Gramineae), a new combination for the 
species formerly known as Stipa papposa. Telopea 7: 301-302. 

Jacobs SWL (1997) Wetland plant communities. National Parks Journal 41 (6): 6-7. 

Miles CO, Mcnna ME di, Jacobs SWL, Garthwaite I, Lane GA, Prcstidge RA, Marshall 
SL, Wilkinson HI I, Schardl CL, Ball OJ-P 8c Latch GCM (1998) Endophytic fungi 
in indigenous Australasian grasses associated with toxicity to livestock. Applied and 
Environmental Microbiology 64: 601—606. 
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Sainty G, Hosking ] & Jacobs S (eds) (1998) Alps Invaders. Australian Alps Liaison 
Committee. 62 pp. 

Booth CA, Church AG, Erskine WD, Hoese DF, Jacobs SWL 8c Marr AJ (1998) 
Experimental environmental flows and related ecosystem monitoring and research of the 
Coxs River below Lyell Dam.Report for Department of Land and Water Conservation. 
Centre for Integrated Catchment Management, University of Western Sydney 
(Hawkesbury): Richmond. 

Jacobs SWL (1998) Monitoring and assessing wetlands using macrophytes. Pp. 34-37 in 
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Water Conservation: Parramatta) 
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Jacobs SWL, Everett J Ik 'Lorres M. (1998) Nassella tenuissima (Gramineae) recorded 
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Simon BK 8c Jacobs SWL (1999) Revision of the genus Sporobolus (Poaceae, 
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Jacobs SWL (1999) Die Gattung Vallisneria L. (Hydrocharitaceae) in Australia. (Teil 2). 
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Jacobs SWL 8c Hellquist CB (2000) Aponogctonaceae of Australia. Water Garden 
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Supplement to Flora of New South Wales, vol 1. (University of New South Wales Press: 
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Jacobs SWL, Everett J, Barkworth ME 8c Hsiao C (2000) Relationships within the stipoid 
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Colgan DJ, Jacobs SWL 8c Wilson GDF (2000) Data sources for systematics. Pp 
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- Cordoba, Spain (Junta de Andalucia. Conserjeria de Agricultura y Pcsca: Cordoba) 
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Dr Surrey Jacobs was an outstanding Australian botanist, well-known in botanical 
circles around the world for his research on grasses, chenopods and watcrplants. 
Locally, lie was well respected also by those involved in understanding and managing 
plants in wetlands and grasslands. 

Growing up in Sydney, Surrey dreamt of becoming a farmer, and he studied Agricultural 
Science at the University of Sydney as a step in that direction. 

However, he developed more interest in plants themselves, and did an Honours project 
on the anatomy and systematics of the spinifex grasses (in the genera Plectrachne and 
Triodia) that dominate so much of the landscape in arid Australia. He followed this with 
a thesis on the ecology of these grasses for his PhD, awarded in 1974 by the University 
of Sydney. This interest in grasses led to a long career as a botanist at the National 
Herbarium of New South Wales in the Royal Botanic Gardens Sydney, starting in May 
1971 and ending with his official retirement a fortnight before his untimely death from 
cancer on 26 November 2009. 

Surrey could have had successful careers in agricultural science or ecology - his first 
publication was on the structure of plant communities (Anderson et al. 1967) - but he 
decided to channel his energies into plant systematics research. At the same time, he 
successfully integrated all his interests and training to broaden the scope of his studies. 

His first big research project, for example, when he started work at the Royal Botanic 
GardensSydncywasonthctaxonomicsignificanceoflhevariationsin the photosynthetic 
carboxylation pathways. His collaborators in this included Assoc. Prof. Roger Carolin 
and Dr Maret Vesk from the University of Sydney, and Dr Elza Chapman (CSIRO 
Division of Food Research). This involved ultrastruclural, anatomical and ecological 
studies concentrating on the families Poaceae (Carolin et al. 1973), Chenopodiaceae 
(Carolin et al. 1975, 1982), Cyperaceae (Carolin et al. 1977), Aizoaccae, Portulacaccae, 
Amaranthaceae and other families of the order Caryophyllales (Carolin et al. 1978). 
Field measurements of the different physiological responses to variations in the local 
environmental conditions were made for species with the different pathways (Chapman 
8c Jacobs 1980, Raison elal. 1979). The successful use of laboratory-oriented techniques 
and equipment in the field proved a breakthrough in itself, and the results obtained 
indicated that previous results from studies in controlled environments bore scant 
resemblance to actual field behaviour, at least for many native Australian species. These 
approaches were notable in that they were at the intersection of physiology, anatomy, 
ecology and taxonomy and solved several problems in classifications, helped generate 
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hypotheses on evolution in some genera and the relationships between genera, and 
allowed more reliable predictions of physiological characteristics (and hence growth) 
of many species. 

During the 1970s, he and a colleague, ecologist John Pickard, coordinated the assembly 
of the first list (census) of plant species growing in New South Wales (Jacobs & Pickard 
1981) since Maiden and Betche compiled their census (Maiden & Betche 1916). 

Surrey’s subsequent studies concentrated more on taxonomic projects. The death of 
Dr Joyce Vickery in May 1979 led to him completing projects she had initiated, notably 
the major revision of the species of Stipa (about 66 spp.) in Australia (Vickery ct al. 
1986). Studies on Stipa and related genera continued with colleague Joy Everett and Dr 
Mary Barkworth of Utah State University, USA. Their work (Jacobs and Everett 1996) 
resulted in the Australian native species being transferred to a new genus Austrostipa (93 
spp.) and the reassessment of non-Australian species, including several seriously weedy 
species now placed in the genus Nassella. They formed the Stipoid Working Group 
with research workers from Australia, USA, Argentina, Spain, Romania, Germany and 
Czechoslovakia, to move towards a consistent classification of the whole tribe using 
both molecular and more traditional methods. 

Surrey also developed research programs into the classification, naming and phylogeny 
of Chenopodiaceae, waterplants and weeds. 

He was one of the Botanic Gardens’ most productive botanists, resulting in his 
promotion to Senior Principal Research Scientist in 2008 - the most senior research 
scientist rank in the New South Wales Public Service. He authored over 120 scientific 
publications (see the list of publications in this issue), often in collaboration with 
colleagues here and overseas, and these form a major contribution to our knowledge 
of the world’s plant diversity. He named over 80 Australian plant genera and species. 

His greatest impact was probably in waterplants (Fig. 1), many of which were relatively 
poorly understood in Australia before he started his research, despite their economic 
importance. In recognition of this, he received the T. Wayne Miller Distinguished 
Service Award from the international Aquatic Plant Management Society in 2009 - 
only the third recipient of that award - and was posthumously made a member of the 
Hall of Fame of the International WatcrLily and Water Garden Society in 2010. 

Vallisneria provides an example of the importance of his waterplant research. Species 
of Vallisneria are both a major source of income for growers of aquarium plants and 
a major weed of irrigation systems. Problems with inconsistency of control methods 
were overcome when he established that there are five species (not two, as previously 
thought) in Australia, and that there are two species (not one) causing problems in 
irrigation systems. The species have always been difficult to identify morphologically, 
and the molecular analyses carried out jointly with Dr Don Les from the University 
of Connecticut, USA, have shed light on relationships, evolution and status of the 
described species (Les et al. 2008). They found that the common southern Australian 
species is not the same as the North American V. americana - not even a close relative 
despite being difficult to separate on morphological characters alone. They also showed 
that the very common and widespread species of Vallisneria used in aquaria around the 
world is the Australian V. nana, not V. spiralis , the name it used to be sold under. 

Another particularly notable contribution by Surrey was to the systematics of the 
water-lilies, the genus Nymphaea (Fig. 2). This group is now much better known, 
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Fig 1. Surrey Jacobs collecting in Betts Creek with Karen Wilson assisting , Snowy Mountains, 
NSW, 1985 (Photo: Barbara G. Briggs) 



Fig. 2. Nymphaea jacobsii Hellq., a new species collected from Lake Powlathanga, Qld, by Surrey 
Jacobs and Barre Hellquist and described in this issue of Telopea (p. 238). (Photo: C. Barre 
Hellquist) 
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thanks to extensive field observations in northern Australia and southern Papua New 
Guinea and the morphological and molecular studies - involving Dr Barre Hellquist 
of the Massachusetts College of Liberal Arts, USA, and other collaborators - that have 
revealed the complexities of the genomes and relationships in this decorative genus 
(Jacobs 1992, Jacobs & Hellquist 2006, Jacobs & Porter 2007, Lohne et al. 2008). 

One of his waterplant collaborators, Don Les, expands in this issue on this area of 
Surrey’s research. Don highlights well the affectionate esteem in which Surrey is held by 
so many collaborators and colleagues - also demonstrated by the range of contributors 
to this special issue in his honour. 

Surrey filled the post of Australian Botanical Liaison Officer at the Royal Botanic 
Gardens Kew from August 1983 to August 1984. As for many other Australian botanists, 
this was an opportunity not just to use Kew’s great botanical resources relevant to 
Australian botany but also to visit European herbaria and to meet botanists from 
many other parts of the world, Kew being a veritable botanical Piccadilly Circus. He 
forged collaborations and friendships at that time that led to numerous international 
collaborative projects. 

Conscious of the need to make research results available to the wider community, 
Surrey often advised, for example, on wetland plant management and provided 
forensic advice on plants connected with police investigations. He was author or co¬ 
author of over 60 extension-oriented publications, including a range of semi-popular 
books such as Waterplants of New South Wales (Sainty Sc Jacobs 1982), Waterplants in 
Australia (now in its fourth edition; Sainty 8c Jacobs 2003), Grasses of New South Wales 
(now in its fourth edition; Jacobs et al. 2009), Australian Agricultural Botany (Jackson 
8c Jacobs 1985) and Burnum Burnum’s Wild Things (in its second edition; Sainty et al. 
2000). Many of these were written with Geoff Sainty, another local waterplant and 
weed expert and another excellent photographer of plants. These two good friends 
and colleagues thought nothing of standing in water or lying on a wet bank, ignoring 
leeches and other biting creatures in pursuit of a good close-up of a flower. In the last 
few years, however, both drew the line at wading in tropical regions: the crocodiles are 
getting too big and too numerous. 

In the last two decades, Surrey’s knowledge of waterplants led to him being appointed 
to several State Government scientific advisory committees involved in implementing 
the State’s wetland management policy and monitoring environmental conditions and 
flows in New South Wales rivers (Fig. 3). He worked with experts from other disciplines 
and departments to produce a manual and protocols for rapid assessment of stream 
condition using macrophytes and other indicators (Jacobs et al. 1997, Jacobs 1998). 

One of his many collaborations with Geoff Sainty (who is an Honorary Research 
Associate of the National Herbarium of New South Wales) was to develop a way to 
assess wetlands in the Hawkesbury River catchment. The method they developed is now 
widely used, often inappropriately as Surrey once wryly commented. He supervised a 
postgraduate student, Joanne Ling, who examined the effects of sampling errors in 
rapid and other assessment techniques and redesigned these techniques to produce a 
more generally applicable wetland assessment method (Ling 8< Jacobs 2003). Another 
student, Joanne Green, worked on similar problems in assessing saltmarshes and their 
rehabilitation (Green et al. 2009).His interest in waterplants and weeds intersected 
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his involvement with the (then) New South Wales Department of Agriculture and the 
National Co-ordinating Committee on Aquatic Weeds, advising on national and State 
weed issues, particularly aquatic weeds. He was also asked by the Australian Weeds 
Committee, in conjunction with the Australian Quarantine Inspection Service, to 
help formulate a procedure for assessing the weed-potential of species proposed for 
importation into Australia. 

He was a key member of the committee that organised the joint Second International 
Conference on Monocotyledons and Third International Grass Conference in Sydney 
in September 1998. One volume of the proceedings from these meetings was edited by 
Surrey and Joy Everett (Jacobs & Everett 2000). 

In the educational area, Surrey was involved in the NSW Department of Education’s 
Murder under the Microscope — an annual competitive, on-line game aiming to excite 
children’s interest in science and the environment. The first few Education Officers 
at the Botanic Gardens appreciated his support and encouragement as they set up 
and developed the educational services provided there. He was an Adjunct Associate 
Professor at the University of New England from 2000, working as a member of a 
group including botanists from the Botanic Gardens, zoologists from the Australian 
Museum, and university staff to develop and teach an advanced undergraduate course 
in Biosystematics. He supervised or informally advised a range of postgraduate students 
on systematic, ecological and conservation- or agricultural-oricnted projects. 

The state of Surrey’s office and his usually rather casual dress misled some people 
initially, but they soon learned that he was extremely organised in his work, and both 
practical and knowledgeable. He had an enquiring mind and a good memory, and he 
was thorough - all good traits for anyone, but particularly important for a systematics 
botanist. As a friend remarked recently, Surrey was a ‘walking encyclopaedia’ in the 
old hard-copy terminology. He embraced new techniques as they appeared, such as 
electron microscopy and molecular analysis, to augment traditional approaches to 
understanding the systematics of grasses, chenopods and waterplants. 

Surrey’s methodical and persistent approach was demonstrated admirably in the last 
year of his life. He went on sick leave after being diagnosed in late 2008 but managed 
to continue his research until the last few months of his life. In this period, he 
completed and submitted several manuscripts on grasses, waterplants and chenopods 
in collaboration with colleagues in Australia and overseas. Moreover, he arranged the 
sending of materials to his collaborators for them to finish uncompleted projects. 

Like everyone, Surrey was a complex mixture of positive and negative traits. He had a 
commonscnse approach to innumerable matters, and was both generous and patient 
in imparting his knowledge to others, in fields as varied as photography, laboratory 
work, statistical analysis, and fieldwork. He was a mentor and advisor to many younger 
staff and students, and was an excellent listener for those with personal issues. As his 
daughter Ellen said in her oration at his funeral, he taught his children to ‘gather all 
the facts and always lake time to listen to people’, but also to ‘stick to your guns and 
not be afraid to say it how it is’. The latter at times left Surrey in conflict with others. 
He had little patience with those he regarded as ‘fools or knaves’ (1 use the 2 nd Duke 
of Buckinghams words, not Surrey s). And what was steadfastness in some situations 
became stubbornness in others, as family, friends and colleagues well knew. However, 
the positive traits far outweighed the negative. 
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Fieldwork was a major part of his life and work: he would not have achieved his 
deep understanding of plants without the extensive trips he undertook in all parts of 
Australia (Fig. 4). He was never happier than when he was standing waist-deep in water 
collecting an interesting water-lily or standing in red dust collecting and photographing 
a grass. His many field trips in northern Australia included taking part in the 1988 
Royal Geographical Society scientific expedition to the Kimberley region of WA that 
marked the bicentenary of Australia’s settlement by Europeans. And in February 1992 
he went on the Royal Geographical Society of Queensland’s scientific expedition to the 
northern part of Cape York Peninsula. He was a very thorough, careful worker in the 
field - and he had a reputation amongst his colleagues as an excellent camp-cook. He 
was also renowned for his snoring; those in the know pitched their tents at the opposite 
end of the campsite. 

Surrey Wilfrid Laurence Jacobs was born in Sydney on 29 April 1946, the second child 
and only son of Wilfrid Jacobs, an industrial chemist at the Federal Match Company in 
Sydney (ultimately Works Manager there), and Viola nee Sundstrom. His grandfather 
Ernest Codified Jacobs taught botany at Sydney Technical College early last century 
and provided a botanical model for Surrey and his older sister Janice (now retired), 
who had a long botanical career in the School of Biological Sciences at the University 
of Sydney. Their younger sister Wendy Innes has also kept a link with plants, running a 
family nursery and blueberry-growing business. 

Surrey met his future wife Betty Luscombc while tutoring at the University of Sydney 
during his doctoral studies. Betty graduated as a science teacher, and they married in 

1971. She became the first Education Officer at the Royal Botanic Gardens Sydney in 

1972, and left in 1976 to have their two children, Ellen and Geoffrey. 

Even when young, their children learnt the scientific names of plants and had no 
fear of using them. When just two years old, Ellen entered an adult-education plant 
identification class with her father, pointed to the grass-tree specimen on display, and 
said “Look, Daddy, a Xanthorrhoea”, thereby silencing members of the class who had 
been complaining to the teacher (Betty) about the difficulties of using scientific names. 

Surrey was very lucky in his choice of life partner: he couldn’t have achieved nearly so 
much without the support of Betty. In particular, they were very welcoming hosts to 
many botanical visitors from around the world. 

Botany may have been Surrey’s passion, but he was also a very loving family man, 
despite what his family may have thought sometimes, given his many field trips and 
long days at work. Lie named species of grasses and waterplants after Betty, Ellen, Geoff, 
and Ellen’s sons Alex and Luke Fussell. 

Surrey relaxed by collecting model trains and cars and making excellent jams of many 
kinds, mostly given away to appreciative friends and colleagues. He was the jam-maker 
in the family but the jams were labelled as Mrs Jacobs’ Jams and Jellies- as Surrey noted, 
Dr Jacobs’ Jams and Jellies didn’t have quite the right ring. I Ic sublimated his agricultural 
interests by breeding chickens at the back of their suburban quarter-acre block: Silkies, 
Sussex (also known as Surreys) and others. Family and friends were regularly supplied 
with fresh eggs of various sizes. 

Surrey was a larger than life character in many ways, but he was also a self-deprecating 
man. He once said that he had been in awe of his predecessor Dr Joyce Vickery for her 
extensive research on grasses. His successors will be equally in awe of Surrey. He has a 
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Fig. 3. Surrey taking a break from monitoring water plants along the Snowy River, at Willis, Vic, 
1999. (Photo: Geoff Sainty) 



Fig. 4. Surrey processing specimens while the billy boils, central Qld, 2006. (Photo: Jane Dalby) 
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permanent memorial in his botanical publications and in the plant species named by 
him and after him. In the more public sphere, he was awarded a Public Service Medal 
in 2009 for his contribution to systematic botany in Australia. 
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Abstract 

This paper reviews and summarises the important contributions made to the study of aquatic 
angiosperms by the Australian botanist Surrey W. L. Jacobs, based largely on the personal 
experiences of the author. His field-oriented research resulted in the publication of more than 
75 technical books and papers on aquatic and wetland plants, 38 newly named aquatic plant 
taxa, and a legacy of important botanical specimens collected from many remote localities. His 
field assistance and willing collaborative spirit also substantially enhanced the productivity of a 
significant number of professional colleagues and students who conducted research on aquatic 
plants. 


Introduction 

Surrey Jacobs’ very first paper was a co-authored manuscript on ‘dry-land vegetation’ 
(Anderson et al. 1967). Several years later, he went on to complete a Ph.D. on the 
systematics and ecology of Triodia, a genus of spinifex grasses that dominates the 
arid Australian grasslands (Jacobs 1974). Several papers on Chenopodiaceae and arid 
zone plants soon followed (Carolin et al. 1975, 1978; Chapman & Jacobs 1980). Given 
this initial research emphasis, one cannot help but wonder how a botanist with such 
a desiccated focus auspiciously began to devote a substantial segment of his time to 
the study of waterplants. Although one typically does not equate an advanced degree 
in grass ecology and keen interest in chenopods with the study of aquatic vegetation, 
those acquainted with Surrey Jacobs would recognise immediately that such a career 
course was far from atypical for a person whose research program embraced constant 
challenges. 

I asked Surrey once why he chose to study waterplants. He firmly corrected me, 
confiding that he did not choose that avocation, but was ‘strongly encouraged’ to do 
so by his superiors, who recognised a need to clarify numerous taxonomic problems 
involving these troublesome plants. Al first he saw the task as highly onerous, only 
to eventually devote a good portion of his life fulfilling it, and ultimately to emerge 
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as a foremost specialist in the taxonomy of aquatic Australian angiosperms. Surrey 
admitted to me that the more that he studied aquatic plants, the more challenging 
he found them; thus began a fascination that would persist with him throughout 
the remainder of his life. That conversation is corroborated by Surrey’s own words 
from a speech he prepared for the Aquatic Plant Management Society (APMS), which 
presented him with a distinguished service award in 2009 (APMS 2009): 

‘I started work at the Royal Botanic Gardens, Sydney as a grass taxonomist. When I was 
told after one year that I would also have to take on several families of the so-called 
‘aquatics’, I squealed and complained bitterly. Fortunately my complaints fell on deaf 
ears. It quickly became obvious to me how much less was known about aquatic plants 
than the grasses. For my own convenience I started trying to organise what was known 
about Australian waterplants.’ 

His familiarity with the vegetation of saline terrestrial habitats helped to ease Surrey’s 
transition toward the wetter spectrum of the environment, by inspiring him initially to 
tackle saltwater and saltmarsh plants as his first papers dealing with aquatics. In 1980, 
he described his very first species ( Samolus eremaeus), a saltmarsh plant (Jacobs 1980), 
and also published a study of the seagrass genus Zostera (Jacobs 8c Williams 1980). 
There, even 30 years ago, one already finds the logic, to which Surrey would adhere 
throughout his career. Essentially, he believed that the most important taxonomic 
issues were those that arose from a practical need to clarify a specific problem. Many of 
these problems revolved around identification. If he as a professional botanist could not 
easily identify a plant, then it was doubtful that many others could. In such instances, 
he would seek a sensible solution, which then could be conveyed to others. 

In the case of Zostera, the problem was simply that many of the specimens found 
in herbaria were collected in vegetative condition. Because the keys were written to 
emphasise reproductive characters, many specimens were not readily identifiable. In 
this case, the practical need was to develop a reliable method of identification based 
on vegetative characteristics. The solution was to collect a large amount of fertile 
material, which could be identified reliably to species (27 of the Zostera specimens 
cited were collected by Surrey himself), and then to evaluate as many vegetative and 
anatomical characters as possible to determine their utility in providing a correct 
species determination. The resulting paper (Jacobs 8c Williams 1980) is short and to the 
point, providing a thorough evaluation of the taxonomic utility of non-reproductive 
characters in Zostera. Several years later, Surrey unsuspectingly tackled another seagrass 
(Ruppia ), which at that time was thought to be closely allied to the freshwater family 
Potamogetonaceae (Jacobs 8c Brock 1982). That paper doubled the accepted number 
of Australian species from two to four and corrected the misapplication of the widely 
used name R. spiralis. 

Within a year of the Zostera paper, Surrey appeared as co-author on a major treatise 
dealing with the waterplants of New South Wales (Sainty 8c Jacobs 1981), where he 
combined his expertise with that of Geoff Sainty, an already well-established specialist 
on Australian aquatic vegetation who would remain as Surrey’s friend and colleague 
for nearly three decades. It is no surprise that their treatment of Zostera (Sainty 8c 
Jacobs 1981) included keys modified to accommodate the observations of the earlier 
papers on Zostera (Jacobs 8c Williams 1980) and Ruppia (Jacobs 8c Brock 1982). As a 
student, 1 remember being quite impressed by that book, which was how I first learned 
of Surrey as an aquatic botanist. The authors’ notes in the text confirm that Surrey had 
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only recently been initiated with the aquatic flora as he was described as \.. becoming 
involved with waterplants in the last few years’ (Sainty 8c Jacobs 1981; p. 531). However, 
Surrey’s changing heart toward aquatics clearly is evident in this publication, to which 
he contributed much of his‘own time and expense’ (APMS 2009). 

Geoff and Surrey went on to co-author numerous books and papers on aquatics, 
including several editions of‘Waterplants in Australia’ (Sainty 8c Jacobs 1987, 1988, 
1994,2003), which reveal Surrey’s incrementally increasing acceptance of aquatic plants. 
By 1988 it was acknowledged that 1 ... Surrey has spent much of his time avoiding deep 
holes in swamps’ (Sainty 8c Jacobs 1988; p. 8). Just six years later, he is shown immersed 

in water up to his chest (Fig. 1.), ‘_looking for fruit on Pondweed and Ribbonweed 

...’ (Sainty 8c Jacobs 1994); ultimately, he is depicted as a ‘... Taxonomist, specialising 
in waterplants for 30 years, up to his knees in a wetland.’ (Sainty 8c Jacobs 2003). The 
transformation from avoiding wet places to immersing himself in them finally had 
come full circle. 

There is no question that Surrey’s taxonomic insights were finely honed by his extensive 
field experience. Barre Hellquist (Professor Emeritus, Massachusetts College of Liberal 
Arts), a mutual colleague of Surrey and mine, recently remarked, ‘I don’t believe 
there was another person more familiar with the Australian continent than Surrey.’ 
I agreed wholeheartedly. My first interaction with Surrey was a two-week field trip 
through Queensland, where he arranged to take me on a search for Zostera and other 
aquatics. My trip would have been nearly useless if it wasn’t for Surrey. He knew exactly 
where to locate the plants, literally saving me months of what otherwise would have 
been futile searching (some sites were so remote that even GPS coordinates had to be 
supplemented by his experienced eye). He also knew precisely where to obtain food, 



Fig. 1 . Surrey Jacobs in 1981 near Bundaberg, Queensland (photo by G. Sainty). 
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lodging, and gasoline (and everything else from opals to the best liqueur muscat), even 
in the most remote parts of the continent. To underscore the efficiency of Surrey’s 
expert field guidance, he and I obtained enough research material in that two-week 
period to eventually enable us to co-author six papers on Aponogeton , Vallisneria, and 
Zostera (Les et al. 2002, 2005; Jacobs et al. 2006a, 2006b; Les et al. 2008; Jacobs 8c Les 
2009). 

Surrey’s perspective of field work considered both the collector and the collections 
equally: ‘Field studies not only offer the benefit of collecting and learning about your 
target species, but also to learn about your colleagues, and for them to learn about 
you.’ (APMS 2009). The early Zostera work already had alerted him to the fact that 
the existing study material of aquatic plant specimens was greatly inadequate and that 
progress in clarifying taxonomic issues could not be achieved without better and more 
extensive collections. Indeed, none of Surrey’s taxonomic refinements of Australian 
aquatics would have been possible without the enhanced collection of material 
provided by him and his colleagues. 

It was no secret that Surrey thoroughly enjoyed meeting different people from different 
parts of the world and interacting with them on these field excursions. Indeed, these 
trips provided a mutual learning experience. Friendship played a huge part in Surrey’s 
establishment of a successful field network throughout Australia, and he once remarked, 
‘... most people who have spent reasonable periods in the field with me have remained 
lifelong friends and collaborators.’ (APMS 2009). Surrey’s numerous contacts provided 
everything from lodging (for him and his field guests) to collection assistance and 
camaraderie. Sometimes a bottle of fine scotch would be exchanged as compensation. 
During the long driving hours of our trip I also learned of the local anthropology, 
botany, dangers (such as biting crocs, stinging trees, and ‘stroppy’ snakes), geology, 
history, music, and was reminded constantly (often with a chuckle) of how to properly 
pronounce Australian place names (although the different elocution of‘Barcaldine’ by 
different Australians still confuses me). 

Surrey was a cautious man and was well acquainted with the dangers associated with 
collecting waterplants in the Australian tropics. On one trip he was accompanied by 
Barre Hellquist and John Wiersema (USDA) to collect Nymphaea specimens on Cape 
York, where they camped a night in Lakefield National Park. Barre recounted: ‘Surrey 
seemed a little squeamish about this site. The three of us pitched our tents. About 
one hour after retiring I heard a car door close. In the morning John and I found 
him sleeping in the vehicle. It seemed he was willing to sacrifice two Americans to the 
crocodiles.’ (personal communication, 2009). Despite this humorous anecdote, I found 
Surrey to be explicit in pointing out any possible dangers associated with collecting at a 
particular site. He always thoroughly clarified any potential peril, but then would leave 
it up to each person to decide whether to heed his warnings. 

In my opinion, Surrey’s waterplant interests were inspired most strongly by the beautiful 
genus Nymphaea. One could not look around just about any room of his house without 
finding some type of print, photo, or other allusion to waterlilies. On the wall of his 
office was a needlework hanging of a water-lily with the insightful phrase, ‘Sometimes 
I sits and thinks - sometimes I just sits’. Moreover, three of the new Nymphaea species 
(Jacobs 1992; Jacobs 8c Hellquist 2006; Jacobs 8c Hellquist 2011) were named after his 
daughter and grandchildren. In fairness, he did name terrestrial grass species after his 
son and wife; I won’t comment on who got the better of that deal. 
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Prior to Surrey’s attention, only one native waterlily species (N. gigantea ) was 
confidently recognised in Australia, along with a bewildering array of proposed taxa, 
which indicated 1 ... confusion and the need for research in Nymphaea..! (Aston 1973). 
Surrey first conveyed his emerging Nymphaea insights in the Water Garden Journal 
(Jacobs 1989), and formally described three new species and one new subspecies a few 
years later (Jacobs 1992; Table 1). He was especially fond of organisations such as the 
APMS and International Waterlily and Water Gardening Society (IWGS), which focused 
on the management and practical uses of aquatic plants. Surrey strongly felt that it was 
important to establish credibility to his research by ‘extension’ work, which he defined 
as ‘... the communication of science to everyday management practices’ (APMS 2009). 
Waterlilies clearly fulfilled all of Surrey’s objectives. Not only were they in desperate 
need of study, but any new taxonomic information also would be of practical use to 
gardeners and horticulturists. It is no wonder they captivated him for nearly 30 years 
(Fig. 2). 

Surrey’s water-lily studies eventually attracted the interest of Barre Hellquist, an aquatic 
plant and water-lily expert from the United States. Surrey related that Barre and ‘his 
entourage’ simply showed up at his small office one day, a providential visit that led 
to another long, collaborative friendship. Barre and Surrey spent many field seasons 
together, collecting water-lilies and other aquatic plants, eventually naming another 
six new waterlily species and five Aponogeton species (Table 1). Surrey’s intensive study 
of Australian water-lilies, which involved countless hours collecting new specimens in 
the field, paid off superbly. From a confusing group with only one arguably native 
Australian species, a far better picture of waterlily diversity emerged, which eventually 
comprised an assemblage of 16 native taxa (N. gigantea , N. hastifolia, N. macrosperma, 
N. nouchali, N. pubescens, N. violacea and 10 newly named taxa; Table 1). In addition, 
Surrey’s collaboration with other researchers produced the first phylogenetic hypothesis 



Fig. 2. Surrey Jacobs in 1982, holding a flower of Nymphaea violacea near Tableland Station, 
Kimberley (photo by G. Sainty). 
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Table 1. Aquatic and wetland taxa authored by Surrey W. L. Jacobs. 


Taxon 


Reference 


Alismataceae 

Astonia S.W.L.Jacobs 

Astonia australiensis (Aston) S.W.L.Jacobs 

Aponogetonaceae 

Section Flavida Les, S.W.L.Jacobs & M.Moody 
Section Viridis Les, S.W.L.Jacobs & M.Moody 
A. elongatus subsp. fluitans Hellq. & S.W.L.Jacobs 
A. cuneatus S.W.L.Jacobs 
A. euryspermus Hellq. & S.W.L.Jacobs 
A. kimberleyensis Hellq. & S.W.L.Jacobs 
A. lancesmithii Hellq. & S.W.L.Jacobs 
A. proliferus Hellq. & S.W.L.Jacobs 
A. tofus S.W.L.Jacobs 
A. vanbruggenii Hellq. & S.W.L.Jacobs 

Hydrocharitaceae 

Ottelia ovalifolia Rich, subsp. chrysobasis S.W.L.Jacobs 

Vallisneria annua S.W.LJacobs & K.A.Frank 

V. australis S.W.L.Jacobs & Les 

V. erecta S.W.L.Jacobs 

V. rubra (A.B.Rendle) Les & S.W.L.Jacobs 

V. triptera S.W.L.Jacobs & K.A.Frank 

Nymphaeaceae 

Nymphaea subgen. Confluentes S.W.L.Jacobs 
Nymphaea alexii S.W.L.Jacobs & Hellq. 

N. atrans S.W.L.Jacobs 

N. caerulea Savign. subsp. zanzibarensis (Casp.) S.W.L.Jacobs 
N. carpentariae S.W.L.Jacobs & Hellq. 

N. elleniae S.W.L.Jacobs 

/V. georginae S.W.L.Jacobs & Hellq. 

N. Immutabilis S.W.L.Jacobs 

N. immutabilis subsp. kimberleyensis S.W.L.Jacobs 

N. kimberleyensis S.W.L.Jacobs & Hellq. 

N. lukei S.W.L.Jacobs & Hellq. 

N. noeliae S.W.L.Jacobs & Hellq. 

N. vaporalis S.W.L. Jacobs & Hellq. 

Theophrastaceae 
Samolus eremaeus S.W.L.Jacobs 

Zosteraceae 

Zostera chilensis (J.Kuo) S.W.L.Jacobs & Les 
Z. muelleri subsp. capricomi (Ascherson) S.W.L.Jacobs 
Z. muelleri subsp. mucronata (Hartog) S.W.L.Jacobs 
Z. muelleri subsp. novazelandica (Setchell) S.W.L.Jacobs 
Z. nigricaulis (J.Kuo) S.W.L.Jacobs & Les 
Z. polychlamys (J.Kuo) S.W.L.Jacobs & Les 


Jacobs 1997 
Jacobs 1997 


Les et al. 2005 
Les et al. 2005 
Hellquist & Jacobs 1998 
Jacobs et al. 2006b 
Hellquist & Jacobs 1998 
Hellquist & Jacobs 1998 
Hellquist & Jacobs 1998 
Hellquist & Jacobs 1998 
Jacobs et al. 2006b 
Hellquist & Jacobs 1998 


Jacobs 1994b 
Jacobs & Frank 1997 
Les et al. 2008 
Les et al. 2008 
Les et al. 2008 
Jacobs & Frank 1997 


Jacobs & Porter 2007 
Jacobs & Hellquist 2006 
Jacobs 1992 
Jacobs 1994a 
Jacobs & Hellquist 2006 
Jacobs 1992 
Jacobs & Hellquist 2006 
Jacobs 1992 
Jacobs 1992 
Jacobs a Hellquis 2011 
Jacobs a Hellquist 2011 
Jacobs a Hellquist 2011 
Jacobs a Hellquist 2011 


Jacobs 1980 


Jacobs a Les 2009 
Jacobs, Les a Moody 2006a 
Jacobs, Les a Moody 2006a 
Jacobs, Les a Moody 2006a 
Jacobs a Les 2009 
Jacobs a Les 2009 


for Australian water-lilies, which showed them to comprise an extremely complex 
group with reticulate relationships (Lohne et al. 2008). 

The situation with Vallisneria was more circuitous. Originally I planned to work with 
Surrey on Zostera during my sabbatical visit to Australia in 1999-2000, but he had other 
thoughts. His interest in Vallisneria was first whetted by the discovery of two new species 
(Jacobs & Frank 1997). Soon afterwards he wrote a popular account of the Australian 
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Vallisneria species for the aquarist journal Aqua-Planta (Jacobs 1999a, 1999b), which 
reinforced his ‘outreach’ commitment to disseminate the practical applications of his 
taxonomic research. So, soon after Surrey first picked me up to begin our Zostera field 
work, he stopped to point out a stand of Vallisneria, indicating that the Australian 
botanists had been calling it V. americana. One look at the distinctive specimens and I 
replied that it certainly was not the same plant that we had in North America by that 
name. His response was simple, ‘So, how do we work it out?’ 

Surrey quickly encouraged me to work with him on the Australian vallisnerias, which 
were giving him nightmares. Like many Australian aquatics, the genus was a taxonomic 
mess. Previous treatments had recognised only two or three species in the country, 
and had virtually ignored the caulescent taxa (most species are rosulate). Surrey’s 
field work had uncovered V. triptera (Jacobs & Frank 1997), a caulescent species so 
conspicuous that it is hard to believe it could have gone unnoticed for so long. This and 
the previously named caulescent V. caulescens were quite distinct from the caulescent 
Maidenia, an Australian endemic believed to represent the closest relative of the genus, 
but arguably belonging to it (Aston 1973). Interestingly, that same year his keen eye also 
discovered a new alismatid genus Astonia, which he named after the Australian aquatic 
plant specialist Helen Aston (Jacobs 1997a). 

However, the ‘stickiest’ Vallisneria problems involved the rosulate taxa. Hartog (1957) 
had assigned all rosulate Australian vallisnerias to the name V. gigantea [= V. nana ]. 
Aston (1973) followed a similar scheme, but replaced V. gigantea with V. spiralis, applying 
the latter as what she believed to represent the appropriate taxon name. Aston (1973) 
also recognised a second rosulate species, V. gracilis, which had been distinguished by 
its very fine foliage. Jacobs and Frank (1997) began to sort out these taxa, ultimately 
deciding that the more tropical segregate of V. spiralis s. lat. should be recognised as 
distinct (as V. nana) from the temperate segregate, which they called V. americana in 
deference to the latest global taxonomic revision by Lowden (1982). Surrey had reached 
an impasse trying to use morphological characters to straighten out this group any 
further. When he met me, he hoped that my expertise with molecular (DNA sequence) 
data could help him to resolve this problem more satisfactorily. 

Surrey was not one to dogmatically embrace molecular systematic approaches to 
taxonomic problems and certainly had no desire to conduct such research on his own 
as an alternative to his beloved fieldwork. Yet, he quickly recognised the utility of such 
approaches once it became clear that they often could help clarify questions, which 
otherwise remained intractable, and already had co-authored a molecular paper on 
grasses (Hsiao et al. 1998). Surrey viewed molecular data in the proper context, as a 
means of providing additional data (but not the only data) to bear on a taxonomic 
problem. He always remained a bit suspicious of molecular results, especially if they 
indicated some unusual association. That’s one reason why we got along so well; we had 
to convince each other of the interpretation of all the data, which ended up providing 
some decent solutions. 

We collected a number of additional Vallisneria specimens on our trip (preserving 
material for DNA analysis in all cases), and these were later supplemented by Surrey’s 
own collections, including DNA samples. I introduced him to the use of liquid CTAB 
preservative, which could fix field collections of plants for DNA analysis without 
requiring refrigeration, a luxury which represented a near impossibility on most remote 
field excursions. Surrey already had adopted the habit of collecting alcohol-preserved 
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specimens (especially for reproductive structures) in addition to the standard dried 
herbarium specimens, so adding some extra plant material to a vial of CTAB for DNA 
work seemed simple enough and he eventually included the approach routinely in his 
collecting protocol. 

The Vallisneria work took on a life of its own. By the time we had finished, this study 
of Australian taxa included nearly every recognised species on earth, providing for a 
worldwide treatment of the genus. By using a combined morphological/molccular 
approach, we eventually did clarify the Australian Vallisneria taxa satisfactorily. Not 
only was the ‘tropical segregate’ of V. spiralis s. lat. distinct from V. nam, it also was 
distinct from both V. americana and V. spiralis, resulting in the new species V. australis 
(Les et al. 2008). Also, we had strong evidence to merge the monotypic genus Maidenia 
with Vallisneria, where it associated with the other caulescent taxa. If Surrey had not 
worked on the Australian vallisnerias, they would have remained a genus of 3—5 species 
worldwide; as a consequence of his persistence, we now have 15, with eight of them in 
Australia (Les et al. 2008). 

It is an understatement to say that Surrey was efficient in the field and he routinely 
would set off with a list of plants that others had requested he collect, realising that 
it is best to accomplish as much as possible when one is hundreds or even thousands 
of kilometers from home. This logic was aptly applied on our field trip, which was 
designed to collect Zostera, but somehow also managed to accumulate reasonable 
numbers of Vallisneria and Aponogeton specimens. Surrey already had been working 
on the aponogetons with Barre Hcllquist, who joined him in naming five new species 
(Tabic 1), a number already eclipsing the four native species accepted before they began 
their project. Like our Vallisneria undertaking, my job was to seek corroboration of 
the new taxonomic scheme necessitated by the recent species discoveries by analysing 
molecular data obtained from newly collected field material. Aponogeton turned out to 
be a tangled array of hybrids and polyploids and took quite an effort to sort out. When 
all was said and done, we found there to be two independent origins of Australian 
aponogetons, and also indicated the possible existence of several additional undescribed 
‘cryptic’ species (Les et al. 2005). Further work on Surrey’s part eventually resulted in 
the publication of two more species names (Jacobs et al. 2006b), raising the total count 
of native Australian aponogetons to 11, more than twice the original number. 

These comments bring me finally back to Zostera. Unlike Aponogeton, Nymphaea and 
Vallisneria, the Zostcraceae work actually reduced the number of recognised native 
Australian species and genera. The fairly extensive survey of Zostera populations from 
our own field work and material sent to us by others, enabled us to argue that there 
were only two clearly defensible species, Z. muelleri (inch Z. capricornii, Z. mucronata, 
Z. novazelandica) and Z. tastnanica, which originally had been segregated as the genus 
Heterozostera, but was found to nest within Zostera (Les et al., 2002). Surrey had no 
problem merging Heterozostera, but he was somewhat reluctant about sinking the three 
Australian Zostera species into Z. muelleri, even though he fully agreed that all of the 
evidence supported that conclusion. However, Surrey’s practical side eventually got 
the better of him and he decided to establish new combinations that would at least 
allow one to recognise the former species as subspecies (mainly to preserve ‘valuable 
field information ), despite the fact that there was a ‘... considerable (?uncomfortable) 
degree of character overlap between them.’ (Jacobs et al. 2006a). A few years later Kuo 
(2005) revised the genus Heterozostera (not accepting its merger with Zostera) in which 
he named three new species. 1o alleviate any potential taxonomic problems, Surrey 
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arranged new combinations for those new species so that if they were to be recognised, 
then at least they could be recognised as species of Zostera (Jacobs & Les 2009). It was 
our last paper together, and marked a collaboration that first began with Zostera and 
now, ironically, ended with Zostera. 

Surrey’s other contributions to aquatic plants are manifold and too numerous to 
discuss adequately in the present paper. They span diverse topics ranging from a 
biogeographical analysis, which indicated that the aquatic Australian species mainly 
represent distinct tropical and temperate assemblages (Jacobs & Wilson 1996), to the 
spread of aquatic species in constructed wetlands (Jacobs el al. 1995b) and accounts 
on the invasive species Elodea (Bowmer et al. 1995) and Ludwigia (Jacobs et al. 1993, 
1995a). A comprehensive listing of all his contributions on aquatic plants is included 
in the References section, where any contribution not specifically cited in the text is 
marked by an asterisk. 

How does one evaluate the impact of Surrey Jacobs’ contributions to aquatic plant 
research? Time will tell whether all of the new aquatic taxa named by Surrey will persist 
to become integrated permanently into the literature dealing with the Australian flora. 
Yet, there is no doubt that at least a significant number of his new taxa will withstand 
taxonomic scrutiny by future researchers. Already, several of the new species have been 
incorporated into treatments on the aquatic floras of the Northern Territory (Cowie et 
al. 2000) and Queensland (Stephens & Dowling 2002). His numerous publications and 
fact-laden books also have enhanced the understanding of many Australian aquatic 
plants to a level not achieved previously. Moreover, his extensive collections of aquatic 
plants represent a substantial legacy, which will provide an important resource to 
students of Australian biodiversity long into the future. 

However, his research record notwithstanding, one cannot forget that Surrey’s 
mentorship of young researchers and students interested in aquatic plants also 
represented one of his most important achievements. His supervision of graduate 
students at his own institution included Joanne Ling (Biological assessment of 
wetlands) and Sabine Papasotiriou (systematics of Australian Potamogeton). He also 
assumed an advisory role for students coming to Australia from other institutions 
to conduct fieldwork. These included Yu Ito ( Ruppia ) from the University of Tokyo, 
Japan, and several of my own Ph.D. students from the University of Connecticut. 
In particular, Surrey spent a considerable amount of time providing extensive field 
assistance to students such as Lori Benoit ( Hydrilla ), Michael Moody (Haloragaceae), 
Nic Tippery (Menyanthaceae), and Amy Weiss ( Cabomba ). Their careers have benefitted 
tremendously from the interaction. Nic Tippery nicely summarised the experience: 
T can’t imagine how impoverished my life or academic career would be had I not 
worked with Surrey in Australia’ (personal communication, 2009). I believe that 
statement aptly sums it up for all of us who were fortunate enough to know and work 
with this remarkable scientist, colleague and friend. 
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Abstract 

We endorse recognition of four morphologically and cytologically distinct genera for 
Australasias native Triticeae: Australopyrum, Stenostachys, Anthosachne and Connorochloa. To 
encourage adoption of this recommendation, we present a key to all genera of Triticeae found in 
Australasia, descriptions of the native genera, keys to their species, the new combinations required 
to implement our generic recommendations (Anthosachne falcis, A. fertilis, A. longiseta, 
A. mulliflora var. kingiana, A. plurinervis, A. rectiseta, A. solandri and Stenostachys enysii), 
and representative line drawings. These and additional identification resources are available on 
the web at http://herbarium.usu.edu/triticeae. We also lectotypify Agropyron velutinum Nees. 


Introduction 

Love (1984) anti Dewey (1984) independently proposed using genomic constitution 
to determine generic boundaries in the Triticeae, species with different genomic 
constitutions being placed in different genera. They argued that these genomic 
genera would better reflect phylogenetic relationships within the tribe; Dewey added 
that they would be a better guide for plant breeders. By genomic analysis. Love and 
Dewey referred to analysis of pairing behaviour of the chromosomes in hybrid plants, 
hybrids in which there was complete, or almost complete, pairing at metaphase being 
interpreted as having the same genomes. The response from taxonomists was largely 
negative (see, e.g., Baum et al. 1987, Kellogg 1989, Sebcrg &. Peterson 1998). Most 
objected on theoretical grounds, but many field-oriented scientists objected that the 
genomic genera could not be identified morphologically, a factor that limited their 
utility. 

Love (1984) listed the genomic constitution of all the taxa he recognised but, as he 
stated in his introduction, he was often forced to infer the information from existing 
taxonomic treatments, not cytogenetic analysis. In the last 25 years, cytological and 
molecular information about the Triticeae has increased significantly, resulting in the 
discovery of more haplomes,and combinations of haplomes, than was known in 1984, 
particularly within Elymus sensu Love and Dewey (see http://herbarium.usu.edu/ 
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Triticeae/genomes.htm). These studies have also consistently demonstrated a strong 
correlation between the cytogenetic and molecular information, a correlation so strong 
that molecular information is often used nowadays to infer genomic constitution 
(e.g., Stewart et al 2005, Liu et al. 2008). Of particular importance to this paper, all 
Australasian taxa have been shown to contain the W genome, either by itself, as in 
Australopyrum, or in one of three different combinations: HW, StYW, and StYHW 
(genome symbols from the International Triticeae Consortium; http://herbarium.usu. 
edu/Triticeae/genmsymb.htm) which correspond to the genomic genera Stenostachys, 
Anthosachne, and Connorochloa , respectively. 

There have been few formal investigations of the relationship between morphology and 
genomic constitution in the perennial Triticeae. Salomon and Lu (1992) studied seven 
taxa in two genomic groups, StY and StH, and found a correlation between genome 
constitution and palea apex shape and the size and abundance of the teeth on the palea 
keels. Baum et al. (1995) conducted discriminant analysis of nine characters scored 
on 290 specimens representing 100 species in four genomic groups, P, StII, StYP, and 
StY. The resulting functions correctly identified the genomic group of the specimens 
73% of the time. Barkworth et al. (2009) used Random Forests analysis (Cutler et al. 
2007) of data for 61 morphological characters scored on 218 specimens representing 
13 different genomic groups. The analysis correctly identified the genomic group of 
87% of the specimens among which were all but one of the Australasian specimens 
(an StYHW specimen that was identified as StYW). Moreover, when asked to classify 
specimens as to whether they had or did not have the W genome (which corresponds 
to Australasian or non-Australasian), Random Forests Analysis achieved a 95% success 
rate for the W-containing specimens and 97% success rate for the others. Given these 
high success rates for morphological identification of the genomic constitution of 
Australasian specimens, we support recognition of four genera within Australasia’s 
native Triticeae: Australopyrum, Stenostachys , Anthosachne, and Connorochloa. Their 
genomic constitutions are W, HW, StYW, and StYHW respectively. The purpose of this 
paper is to provide the names required for implementation of this recommendation 
and descriptions and keys for the genera and species involved. Descriptions of the 
species can be found in Hitchcock (1936), Veldkamp and van Schcindelen (1989) 
Edgar and Connor (2000), Jacobs et al. (2009), Flora of Australia (2009), and online at 
http://herbarium.usu.edu/Triticeae. 

Materials and methods 

We developed comparable descriptions for all the Australasian taxa based on 
examination of specimens in CANB, CHR, MEL, NSW, UNE, and UTC and from 
published descriptions (Hitchcock 1936, Veldkamp & van Schcindelen 1989, Edgar & 
Connor 2000, Jacobs et al. 2008, Flora of Australia 2009). In doing so, we followed a 
standard format, appropriate for incorporation into Fact Sheet Fusion (CBIT 2005), a 
program that facilitates development of interlinked web pages. 

We used the information in the descriptions to develop dichotomous and/or multi¬ 
access keys for identification of all genera of the Triticeae that have been found in 
Australasia and the species of each Australasian genus. To create the generic key, we drew 
on descriptions of the genera at http://herbarium.usu.edu/Triticeae. The programs 
used to generate the keys were Phoenix (CBIT 2004) and Lucid 3.5 (CBIT 2009). 
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Results 

It was clear from our examination of specimens, particularly those of Anthosachne, 
that there is need for a revisionary treatment of the Triticeae in Australasia, a task that 
was beyond the scope of this project. Nevertheless, we decided that it would be useful 
to provide a treatment that is based on existing treatments (Edgar & Connor 2000, 
Jacobs ct al. 2008, Flora of Australia 2009) at the species level but reflects our generic 
conclusions. We present first a key to the genera found in Australasia followed by brief 
descriptions of the native genera and line drawings of representative species. Each 
generic description is followed by a key to its species and a listing ot those recognised. 
The new combinations are presented in the species listings. The species listings end 
with information on the location of type specimens but we have only examined 
types followed by an exclamation point (!) or, if the exclamation point follows the 
word “image”, only an image of the specimen. Additional illustrations are available at 
http://herbarium.usu.edu/Triticeae/Australasia. 


Key to the genera of Triticeae in Australasia 


1. Inflorescences with 3 spikelets per node, each spikelet with 1 floret, usually only the floret 
of the central spikelet seed-forming (all florets seed-forming in most cultivated plants); 
disarticulation in the rachis (cultivated species not disarticulating). Hordeum 

T. Inflorescences with 1-5 spikelets per node, usually all spikelets with 2 or more florets, 
sometimes only the lowest floret in each spikelet seed-forming, sometimes all spikelets 
in the upper nodes sterile; disarticulation usually below the florets or the florets, 
sometimes in the rachis (cultivated species not disarticulating). 2 

2. Plants annual; inflorescence erect at anthesis and often remaining so afterwards. 3 

3. Glumes 2-5 mm wide, the tips truncate or toothed... Triticum 

3’. Glumes 0.5-2 mm wide, awnlike at the tips or throughout. 4 

4. Lemmas evidently keeled, the keels rigidly pectinate-ciliate; lemma awns remaining 

straight at maturity; all spikelets with at least one seed-forming floret . Secale 

4’. Lemmas not keeled, the midveins scabrous; lemma awns bent at maturity; distal 
spikelets sterile... Taeniatherum 


2’. Plants perennial; inflorescence drooping or erect at anthesis 


5 


5. Plants usually strongly rhizomatous, sometimes not rhizomatous; lemmas 
unawned or with an awn no more than 4 mm long; inflorescences erect or 
nodding at maturity, the spikelets appressed or strongly ascending . ^ 


6. Inflorescence with 2-5 spikelets per node. Leymus 

6’. Inflorescence with 1 spikelet per node.. 


5’. 


7. 


Adaxial surface of the blades with inconspicuous, widely spaced ribs; 
lanceolate; lemmas mucronate or awned. 


glumes 

Elytitus 


7’. Adaxial surface of the blades with prominent, closely spaced ribs; 
glumes lanceolate-oblong to rectangular; lemmas truncate, obtuse, or 

mucronate . Thinopyrum 

Plants not or only weakly rhizomatous; lemmas often with awns longer than 6 
mm but sometimes all lemmas only shortly awned; inflorescences often drooping 
or arcuate at maturity, sometimes erect to nodding, the spikelets often strongly 
divergent to reflexed, sometimes appressed to strongly ascending. g 
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8. Spikelets 10-15 mm long; lemma awns to 5 mm long.9 

9. Spikelets sessile, appressed rachis; rachis surfaces glabrous; glumes usually 

absent or strongly reduced, sometimes to 9 mm long and 1-3-veined; 
lemmas often minutely bifid at the base of the awn . Slenostachys 

9’. Spikelets on pedicels about 1 mm long, often strongly divergent to 
reflexed; rachis surfaces usually hairy; glumes usually well-developed, 

1.3-8 mm long 1—5-veined; lemmas not bifid. Australopyrum 

8’. Spikelets 15-100 mm long; lemmas usually awned, longest awns 4.4-75 mm 
long, sometimes lemmas unawned. 10 

10. Peduncles not or scarcely elongating after anthesis; basal leaf blades 1-7 

mm wide or involute and 0.5-0.7 mm in diameter. Anthosachne 

10’ Peduncles strongly elongating after anthesis; basal leaf blades 1-2 mm 

wide . Connorochloa 


Australopyrum (Tzvelev) A.Love 

Australopyrum (Tzvelev) A.Love, Feddes Report. 95(7-8): 442 (1984). Basionym: 
Agropyroti sect. Australopyrum Tzvelev, Novosti Sist. Vyssh. Rast. 10: 35 (1973). 
Type: Australopyrum pectinatum (Labill.) A.Love. Fig. 1. 

Plants perennial, loosely tufted. Culms 10-70 cm tall; lowest internode 0.5-2.2 mm 
thick. Leaf blades 0.5-3.5 mm wide, flat to loosely involute. Inflorescence spikelike, 

1.5- 13 cm long; rachis tough, usually prolonged beyond the base of the distal 
spikelet up to 3.5 mm; lowest internode 3-12 mm long; middle internodes 2-7 mm 
long; disarticulation below the glumes. Spikelets solitary, tangential to the rachis, 

7.5- 19 mm long, with 3-9 florets, not pedicellate or on pedicels to I mm long, tangential 
to and usually strongly divergent or reflexed from the rachis, sometimes ascending. 
Glumes 5-9 mm long, stiff, narrowly lanceolate, to awnlike. Lemmas 4.8-11 mm long, 
awned, awns to 4 mm, straight. Paleas from 3 A as long as to equalling the lemmas, 
keel veins with widely spaced long, coarse teeth, often extending beyond the intercostal 
region, converging to a narrow tip, the keel veins often extending beyond the intercostal 
region. Anthers 1-6 mm long. 

Distribution: one species native to Papua New Guinea, three to Australia, and one to 
New Zealand. 

Cytology: 2n= 14, determined on A. velutinum (Loveetal. 1982), A. calcis, A. pectinatum, 
and A. retrofractum (Connor et al. 1993). Genomic constitution: W. Love assigned the 
letter, assuming that the haplome of Austalopyrum differed from that of other diploids 
in the tribe. Subsequent work has supported his interpretation (Torabinejad & Mueller 
1993, Stewart et al. 2005, Liu et al. 2006). 

History: Australopyrum was first recognised by Tzvelev (1973) as a section of Agropyroti, 
differing from sect. Agropyroti in its pedicellate, strongly divergent spikelets. Love 
(1984) raised it to generic status, including in it the diploid Triticeae from Australia 
and New Zealand. The genus has been accepted in subsequent works by Australian and 
New Zealand botanists (Wheeler et al. 1990,2002; Connor 1993; Edgar & Connor 2000; 
Jacobs et al. 2008; Henwood & Weiller 2009). 
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A. velutinum A. pectinatum a. calcis 


Fig. 1 . Representative species of Australopyrum. Australopyrum velutinum: Phillips 108056 , 
CBG10856[sic); A. pectinatum: Pullen 11077, CANB345595; Agropyron calcis ssp. calcis: Molloy 
& Ryan L4 , CHR468519. Isolated florets and lemmas are from the lowest floret in a spikelet 
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1. Tips of the lemmas, and sometimes the glumes, bent downwards forming an uncinate 
hook. A. uncinatum 

1 Tips of the lemmas and glumes straight, not forming a hook. 2 

2. Glumes remaining appressed to the lemmas; spikelets ascending at maturity, almost 

concealing the rachis. A. velutinum 

2’. Glumes strongly divergent at maturity; spikelets spreading to reflexed at maturity, 
exposing the rachis. 3 

3. Rachis internodes and nodes retrorsely or strongly divergently hairy. 

. A. retrofractum 

3’. Rachis internodes antrorsely hairy or glabrous, nodes sometimes retrorsely hairy 4 

4. Leaves coarsely hairy on the lower surface; lemma tip smooth, shining. 

. A.pectinatum 

4’. Leaves glabrous on the lower surface; lemma tip scabrous, dull. A. calcis 


Australopyrum calcis Connor & Molloy, New Zealand J. Bot. 31:2 (1993). Type: New 
Zealand, Marlborough, Leatham River, near limestone quarry; 600 m; B.P.J. Molloy 
&K.W. Ryan L2 ; 29 January 1991 (holotypc: Cl IR468517a). 

Australopyrum calcis Connor & Molloy subsp. calcis. Nomenclatural synonym: 
Australopyrum pectinatum var. calcis (Connor & Molloy) C.Yen & J.L.Yang, Xiao 
mai zu sheng wu xi tong xue 3: 189 (2006). 

NEW ZEALAND: South Island, Marlborough. 

Australopyrum calcis subsp. optatum Connor & Molloy, New Zealand J. Bot. 31:4 (1993). 
Nomenclatural synonym: Australopyrum pectination var. optatum (Connor & 
Molloy) C.Yen & J.L.Yang, Xiao mai zu sheng wu xi tong xue 3: 190 (2006). 
Type: New Zealand, Canterbury, Flock Hill, above cave, cave stream, 780 m, B.RJ. 
Molloy FH la, 1 Jan 1991 (holotypc: CHR468526a). 

NEW ZEALAND: South Island, North Canterbury. 

Australopyrum pectination (LabUl.) A.Love. Basionym: Festuca pcctinata Labill., Nov. 
Floll. PI. 1: 21, t. 25 (1805). Nomenclatural synonym: Agropyron pectination (Labill.) 
R Beauv., Ess. Agrostogr. 102, 146, 180 (1812). Type: Australia, Tasmania, “I Iabitat 
in capite Van-Diemen [Hobart]”; Labilliardieres.n. (holotypc: FI, n. 205302 I Icrb. 
Webbianum, image!; isotype: NY381153, image!) 

AUSTRALIA: Queensland, New South Wales, Victoria, Tasmania. 

NEW ZEALAND: Naturalised on North Island (Hawkes Bay) and South Island 
(Central Otago). 

Australopyrum retrofractum (Vickery) A.Love, Feddcs Repert. 95:443 (1984). Basionym: 
Agropyron retrofractum Vickery, Contr. New South Wales Natl. Herb. 1 (6): 340-341 
(1951). Nomenclatural synonyms: Australopyrum pectination subsp. retrofractum 
(Vickery) A.Love, Taxon 32: 86 (1983 ); Australopyrum pectination var. retrofractum 
(Vickery) C.Yen 8< J.L.Yang, Xiao mai zu sheng wu xi tong xue 3: 190 (2006). Type: 
Australia, New South Wales, Rock Flat near Cooma, E. Betche s.n., Feb 1893 
(holotypc: NSW 9116). 

AUSTRALIA: New South Wales, Victoria. 

NEW ZEALAND: Naturalised on North Island. 
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Australopyrmn uncinatum Veldkamp, Blumea 34(1): 67, f. la (1989). Type: Papua New 
Guinea, Northern District, subdistrict Kokoda, Mt. Kenive (Nisbet), 3000 m, J.R. 
Croftetal. LAE65112, 30 Jul 1974 (holotype:L233077;isotypes:A,BRI,CANB391072!, 
K, L233076, LAE216269). 

PAPUA NEW GUINEA: Northern Province. 

Australopyrmn velutinum (Nees) B.K.Simon, Austrobaileya 2: 241 (1986). Basionym: 
Agropyron velutinum Nees, London ]. Bot. 2: 417 (1843). Nomenclatural synonyms: 
Australopyrmn retrofractum subsp. velutinum (Nees) A.Love, Feddes Repert. 95: 443 
(1984); Australopyrmn pectination var. velutinum (Nees) C.Yen & J.L.Yang, Xiao mai 
zu sheng wu xi tong xue 3: 191 (2006). Type: Australia, Insulae Van Diemen 
[Tasmania], in Chilton, Surrey Hills, Gunn 770, Eeb 1837 (lectotypc (designated 
here): K, image! at http://apps.kew.org/herbcat/navigator.do; isolectotype: GGE, 
Lindley Herbarium, image! at http://www.tropicos.org). 

AUSTRALIA: New South Wales, Victoria, Tasmania. 

Stenostachys Turcz. 

Stenostachys Turcz., Bull. Soc. Imp. Naturalistes Moscou 35(2): 330 (1862). Type: 
Stenostachys tuirduroides Turcz. [= Stenostachys gracilis (Hook.f.) Connor], Fig. 2. 

Plants perennial, stoloniferous. Culms 29-80 cm tall, lowest internode 0.6-1.5 mm 
thick. Leaf blades 1-4 mm wide, flat, adaxial surface usually with moderately prominent 
ribs. Inflorescence spikelike, nodding or drooping; rachis tough, surfaces glabrous, 
prolonged for (0.2)0.5-6 mm beyond the base of the most distal spikelet, middle 
internodes 2-7 mm long; initial disarticulation below the florets, glumes following 
soon thereafter. Spikelets solitary, not pedicellate, appressed to divergent, lowest 
spikelet slightly longer than the adjacent internode, middle spikelets from 2-3 times 
longer than the adjacent internode. Glumes absent or to 6.7 mm long, shorter than the 
adjacent lemma, to 0.9 mm wide, tangential to the rachis, subulate to lanceolate but 
tapering from near midlength to an awnlike tip, membranous with a scarious margin 
when not subulate, usually scabridulous. Florets radial or almost radial to the rachis; 
rachilla glabrous on the surfaces. Lemmas usually mostly smooth but scabrous distally, 
at least over the midvein, sometimes scabrous throughout, rounded over most of the 
midvein but keeled distally, tips often bidentatc, midvein extending into an awn 0.5-6.5 
mm long. Paleas tapering in the distal quarter. Lodiculcs lobed or entire, sometimes 
ciliate distally. Anthers 1.5-3 mm long. 

Distribution: four species, all native to New Zealand. 

Cytology: 2n - 28, counted on S. enysii, S. gracilis, and S. laevis (Hair in Connor 1954). 
Genomic constitution HW, demonstrated forS. enysii by Svitashev et al. (1998) and for 
all four species by Stewart et al. (2005). H is the maternal genome. 

History: Stenostachys was established by Turczaninow (1862) with S. narduroides 
[= S. gracilis | as the type. Love and Connor (1982) treated it as Elymus sect. Stenostachys 
(Turcz.) A.Love 8c Connor but in 1994 Connor argued for its reinstatement as a genus, 
with Cockaynea Zotov as a synonym, on the basis of its distinct morphology. Our 
interpretation of Stenostachys differs from that of Connor (1994, 2005) and Edgar and 
Connor (2000) in the inclusion of S. enysii which Connor initially included in Elymus 
but later transferred to Australopyrmn. It differs from the other species of Stenostachys 
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S. enysii 


Fig. 2. Stenostachys. Stetiostachys laevis: Weirdie, 23 Feb 1972, CHR223892; S. deceptorbc: Druce 
S46 85-04, CHR358102; S. gracilis: Talbot, Jan. 1949, CHR301426; S. enysii: Zotov, CHR225704. 
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in its well developed glumes but its florets are radial to the rachis. It differs from 
most species of Australopyrum in having rachises with glabrous surfaces and rachis 


internodes that are longer relative to the spikelets. 

1. Glumes 3-veined to about midlength; blades 2-4 mm wide. S. enysii 

V. Glumes 1-veined their whole length; blades 1-2.5 mm wide.2 


2. Lemmas scabrous or stiffly hairy all over; at least some glumes absent or minute. 

. S. gracilis 

2\ Lemmas usually smooth except before the awns, occasionally sparsely scabrous 

elsewhere; 2-10 mm long.3 

3. Lemmas mucronate or with awns to 2 mm long; glumes 2-6 mm long.S. laevis 

3’. Lemmas awned, awns 5-6.5 mm long; glumes 5-10 mm long. S. deceptorix 

Stenostachys deceptorix Connor, New Zealand J. Bot. 32:144 (1994). Type: New Zealand, 
Stone Creek, S.W. Mt Luna, 3800’, A.P. Druces.n, ]an 1971 (holotype: CHR249929). 
NEW ZEALAND: South Island. 

Stenostachys enysii (Kirk) Barkworth 8t S.W.L.Jacobs comb. nov. Basionym: Agropyron 
enysii Kirk, Trans. & Proc. New Zealand Inst. 27: 352 (1895). Nomenclatural 
synonyms: Asprella aristata Petrie, Trans. & Proc. New Zealand Inst. 26: 272 (1894), 
now. illcg., non Asprella aristata Kuntze (1891); Agropyron aristatum Cheescman, 
Illustrated PI. New Zealand, ed. 2: 234 (1914), nom. superfl.; Agropyron aristatum 
Druce, Rep. Bot. Exch. Cl. Brit. Isles: 603 (1917), nom. superfl.; Elymus enysii (Kirk) 
A.Love 8c Connor, New Zealand J. Bot. 20: 183 (1982); Australopyrum enysii (Kirk) 
Connor, New Zealand ]. Bot. 43:504 (2005). Type: New Zealand, Mt Torlesse 
Canterbury Alps, c. 3600 ft, D. Petrie s.n., Jan 1893. (lectotype (Connor 1994): 
WELT68390, image!) 

Stenostachys gracilis (Hook.f.) Connor, New Zealand J. Bot. 32: 146 (1994). Basionym: 
Gymnostichium gracile Hook.f., Fl. New Zealand 1: 312 (1853). Nomenclatural 
synonyms: Hystrixgracilis (I look.f.) Kuntze, Revis. Gen. PI. 2: 778 (1891); Asperclla 
gracilis (Llook.f.) Kirk, Trans. & Proc. New Zealand Inst. 27: 352 (1895); Cockaynea 
gracilis (Hook.f.) Zotov, Trans. & Proc. Roy. Soc. New Zealand 73: 234 (1943). Type: 
New Zealand, woods at Patea Village, Colenso 1611. (lectotype (Connor 1994): K). 
Taxonomic synonyms: Stenostachys narduroides Turcz., Bull. Soc. Imp. Naturalistes 
Moscou 35:331 (1862); Elymus narduroides (Turcz.) A.Love 8: Connor, New Zealand 
J. Bot. 20: 184 (1982). Type: New Zealand, J.E. Home s.n. (holotype: LE). 

Agropyron subeglume P.Candargy, Etude Monogr. Hordees (Archiv. Biol. Vcg., 
Athenes, Ease. 1) 32, in clavi, 64 (1901). Type: New Zealand, Alaroa, Raoul 241, 1843. 
(holotype: K). 

NEW ZEALAND: South Island. 

Stenostachys laevis (Petrie) Connor, New Zealand J. Bot. 32: 146 (1994). Basionym: 
Asprella laevis Petrie, Trans. & Proc. New Zealand Inst. 27: 406 (1 895). Nomenclatural 
synonyms: Cockaynea laevis (Petrie) Zotov, Trans. & Proc. Roy. Soc. New Zealand 73: 
234 (1943); Hystrix laevis (Petrie) Allan, Btdl. Dept. Sc. & Indust. Res. N. Z. 49: 88 
(1936); Elymus laevis (Petrie) A.Love 8c Connor, New Zealand ]. Bot. 20: 184 (1982), 
nom. illeg., non Elymus laevis (Scribn. 8c J.G.Sm.) Hoover. Type: New Zealand' 
Matukituki Valley D. Petrie, Mar 1893. (lectotype (Connor 1994): WELT68353) 
NEW ZEALAND: North Island. 
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Fig. 3. Representative species of Anthosachne. Anthosachne fertilis: Pedley 713, CANB93628; 
A. longiseta: Robbins 2757, CANB87785; A. plurinervis: Bisset S. 752, CANB22846; A. solandri: 
DruceS35 93-42, CHR387018 Drawings of the isolated florets are of the lowest floret in aspikelet. 
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Anthosachne Steud. 

Anthosachne Steud., Syn. PI. Glumac.l: 237 (1854). Type: Anthosachne australasica 
[= A. rectiseta ). Fig. 3. 

Plants perennial, densely to loosely clumped, sometimes rhizomatous or stoloniferous. 
Culms 20-170 cm tall, erect, ascending, arcuate or prostrate; lowest internode 
0.4-2.4 mm thick. Leaf blades 1-7 mm wide and flat to folded or involute and 0.5- 
0.7 mm in diameter. Inflorescences spike-like, 2-70 cm long, with (2)4-20 spikelets; 
rachis tough, terminating in a spikelet; lowest internodc 8-55 mm long, longer than 
the middle internodes; middle internodes 7-36 mm long; disarticulation below the 
florets. Spikelets solitary, tangential to the rachis, 15-55 mm long, sessile or on pedicels 
up to 0.3 mm long, usually divergent, sometimes appressed. Glumes lanceolate, 1.3-13 mm 
long, subcqual or the lower much shorter than the upper, acute, muticous or the 
midvein extended into a straight or recurved awn. Lemmas lanceolate, unawned or 
awned, awn to 75 mm, straight to recurved. Palea from half as long as to subequal to 
the lemma, curved to the narrow tip, keels with coarse, well-spaced teeth, intercostal 
region bifid or retuse to truncate. Lodicules ciliate distally. Anthers 1.6-9 mm. 

Distribution: Papua New Guinea, Australia, New Zealand. 

Cytology: Torabinejad et al. (1987) showed that three of the Australian taxa were 
hexaploids and postulated that their genomic composition was StYW or HYW. 
Subsequently, Dawson (2000) and Murray et al. (2005) showed that the New Zealand 
species were all hexaploids. Rcdibaugh et al. (2000) demonstrated that Elymus 
rectiselus [An. = rectiseta] was StYW and Stewart et al. (2005) showed that this was 
also the genomic constitution of the New Zealand hexaploids. There is no cytological 
information for Anthosachne longisela. 

History: Steudel (1854) was the first to recognise Anthosachne, creating it to 
accommodate one species, A. australasica [= A. rectiseta ]. Nevski (1934) expanded it 
to include A. scabra plus three Asian species. Melderis (1970) treated Anthosachne as 
a section of Agropyron and added more Asian species to it. Tsvelev (1973) transferred 
it, as a section, to Elymus, and added still more Asian species to it. Love also treated 
Anthosachne as a section of Elymus but expanded it to include, in addition to several 
Asian species, seven Australasian species, including one tctraploid, three hexaploids, 
one octoploid, and two species for which there were no cytogenetic data. He assumed 
that all species of Elymus, including those of sect. Anthosachne, contained only the St 
and H genomes. 

Since 1990, the Asian species placed in sect. Anthosachne have been shown to be StY 
tetraploids,differing in this respect from the Australasian taxa. Based on this information, 
Yen et al. (2006) returned Anthosachne to generic status and restricted it to Australasian 
hexaploids with the genomic constitution StYW, placing the Asian species in the genus 
Roegneria. Unfortunately, they did not provide all of the combinations needed and 
some of those they did make are invalid, are based on nomcnclatural synonyms, or 
reflected a dated species classification without providing reasons for doing so. 

Anthosachne differs from most genera of the Triticeae in its tendency to have rather 
slender culms with drooping inflorescences and large, widely spaced, solitary spikelets 
The glumes are usually very short compared to the adjacent lemmas and narrow from 
near the base. It is also the only genus in the Triticeae in which apomixis is known to 
occur (Hair 1956, Murphy 2003, Connor 2005). We agree with Yen et al. that it should 
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be restricted to Australasian hexaploids because they are morphologically, cytologically, 
and geographically distinct from other Triticeae. 

Examination of specimens from AD, CHR, MEL, NSW, NE, and PERTH plus field work 
and discussions with Neville Walsh and Wal Whalley indicate that a detailed study of 
the genus is needed, one that includes examination of variation throughout Australia, a 
finding that echoes comments in Murphy and Jones (1999) and Murphy (2003). Until 
a more detailed study has been completed, it seems best to make minimal changes 
to existing treatments. Consequently, the following key draws heavily on information 
from the various papers cited. 


1. Lemma awns straight or only slightly curved at maturity . 2 

2. Longest lemma awns 17-60 mm long, at least 3X the length of the lemmas; hairs of 
first rachilla segment sometimes overlapping the base of the subtended callus. 3 

3. Hairs of first rachilla segment overlapping base of the callus above; calluses 

not hairy across the back, sometimes hairy on the sides. A. rectiseta 

3’. Hairs of first rachilla segment not overlapping base of the callus above; calluses 
hairy across the back. A. longiseta 

2’. Longest lemmas unawned or the awns shorter than 17 mm, always less than 2.5X the 
length of the lemma; hairs of first rachilla segment never overlapping the base of the 
subtended callus. 4 

4. Awn of lowest lemma in each spikelet 2—7.5 mm long, others 4.4—15 mm long, 

70-130% the length of the lemmas. A.ferlilis 

4’. Awn of lowest lemma in each spikelet 0—3 mm long, others 0-17mm long, 0-80% 
the length of the lemmas... 5 

5. Longest awn in each spikelet shorter than or equal to the lemma body 

. A. multiflora var. multiflora 

5’. Longest awn in each spikelet longer than the lemma body 

. A. multiflora var. kittgiana 

1’. Lemma awns strongly curved to recurved, at maturity. 6 

6. Lower glumes 7-11 mm long, 5-8-veined; upper glume narrowing from above 

midlength, acute; lemma awns sometimes 1 -veined at the base. A. plurinervis 

6’. Lower glumes 1.8-11 mm long, 2—4(5)-vcined; upper glume tapering from below 
midlength, acute to shortly (3 mm) awned; lemma awns 3-veined at the base. 7 

7. Palea tips truncate to retuse; culms 55-150 cm long at maturity. 8 

8. Hairs at the tip of the first rachilla segment not overlapping the base of 

the callus above; callus thicker at the tip than above. A. scabra 

8’. Hairs at the tip of the first rachilla segment overlapping the base of the callus 
above; callus similar in thickness throughout its length. A. rectiseta 

T. Palea tips pointed, bifid; culms 10-100 cm long at maturity. 9 

9. Spikes erect; spikelets divergent; anthers 4-9 mm long. A. aprica 
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9’. Spikes ascending or nodding; spikelets appressed to the rachis; anthers 2.4—5.5 mm 
long. 10 

10 Leaf blades 1.5-4 mm wide, flat or with involute margins; auricles 

1-1.5 mm long . A. solandri 

10’. Leaf blades 0.5-0.7 mm in diameter, involute; auricles absent or to 1 mm 
long. 11 

11. Leaf blades 5-15 cm long; abaxial surface usually with scattered 
to abundant stiff, erect hairs about 1 mm long; culms prostrate to 
ascending. A.falcis 

11’. Leaf blades 10-80 cm long; abaxial surface glabrous .. 

.A. sacattdros 

Anthosachneaprica (A.Love & Connor) C.Yen 8c J.L.Yang, Xiao mai zu sheng wu xi tong 
xue 3: 232 (2006). Basionym; Elymus apricus A.Love 8c Connor, New Zealand 
J. Bot. 20:182 (1982). Type: New Zealand, Central Otago, Hillsides above Roxburgh 
town, H.E. Connor s. n., 10 Feb 1947 (holotype: CHR370822). 

NEW ZEALAND: South Island, inland basins of Central Otago. 

Anthosachnefalcis (Connor) Barkworth 8< S.W.L.Jacobs comb. nov. Basionym: Elymus 
falcis Connor, New Zealand J. Bot. 32: 132 (1994). Type: New Zealand, Canterbury, 
Mt Edwards, c. 4000 ft, V.D. Zotov s.n., 5 Jan 1938 (holotype: CHR19687). 

NEW ZEALAND: South Island, inland Waimakariri, Ashburton, Waitaki, and Taieri 
Basins. 

Anthosachnefertilis (S.Wang ex S.W.L.Jacobs 8< Barkworth) Barkworth & S.W.L.Jacobs 
comb. nov. Basionym: Elymus fertilis S.Wang ex S.W.L.Jacobs 8c Barkworth, Novon 
19: 168 (2009). Type: Australia, New South Wales, urban area, Moree 29°28'S, 
149°51'E, N. Lloyd 759 , 13 Oct 1988 (holotype: NSW220373!) 

AUSTRALIA: southern Queensland, New South Wales. 

Anthosachne longiseta (Hitchc.) Barkworth 8c S.W.L.Jacobs comb. nov. Basionym: 
Brachypodium longisetum Hitchc., Brittonia 2:107 (1936). Elymus longiseta (Hitchc.) 
Vcldkamp, Blumea 34: 74 (1989); Roegneria longiseta (Hitchc.) B.R.Baum, C.Yen 8c 
J.L.Yang, Canad. ]. Bot. 69: 290 (1991). Type: Papua New Guinea: Central Province, 
Mt Albert Edward, on grassy banks of Upper Chirima River, 3600 m, L.J. Brass 4446, 
May-July, 1933 (holotype: NY346160, image!; isotypes: BR1, LAE). 

PAPUA NEW GUINEA: Central Province. 

Anthosachne multiflora (Banks 8c Sol. ex Hook.f.) C.Yen 8c J.L.Yang, Xiao mai zu sheng 
wuxitongxue 3:232 (2006). Basionym: Triticum multiflorum Banks 8c Sol. ex Hook.f., 
FI. Nov.-Zel. 1: 311 (1853). Nomcnclatural synonyms: Agropyron multiflorum 
(Banks 8c Sol. ex Hook.f.) Kirk ex Chceseman, Man. New Zealand FI. 921 (1906), 
nom. illeg., non Agropyron multiflorum P.Beauv. (1812); Elymus multiflorus (Banks 
8c Sol. ex Hook.f.) A.Love 8c Connor, New Zealand j. Bot. 20:183 (1982).Type: New 
Zealand, Mercury Bay; /. Banks & D. Solander s.n., 1769 (lectotype (Connor 1994)- 
BM). 

Anthosachne multiflora (Banks 8c Sol. ex Hook.f.) C.Yen 8c J.L.Yang subsp. multiflora 
Nomcnclatural synonym: Anthosachne multiflora (Banks 8c Sol. ex Hookf) 
C.Yen 8c J.L.Yang var. multiflora. 
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Taxonomic synonyms: Agropyron multiflorum var. longisetum Hack., Man. 
New Zealand Fl. 922 (1906); Agropyron kirkii var. longisetum (Hack.) Zotov, Trans. 
& Proc. New Zealand Inst. 73: 233 (1943); Elymus multiflorus var. longisetus (Hack.) 

A. Love&Connor, New Zealand). Pot. 20:183 (1983). Type: New Zealand, Matamata, 
Thames Valley, Cheesetnan 1506 (holotypc: W; isotypes: AK2017, CHR2877). 

AUSTRALIA: South Australia, Victoria, Tasmania, New South Wales. 

NEW ZEALAND: North and South Island. 

Anthosachne multiflora subsp. kingiana (Endl.) Barkworth 8c S.W.L.Jacobs, comb, 
nov. Basionym: Triticum kingianum Endl., Prod. Fl. Norf. 21 (1833). Festuca 
kingiana (Endl.) Stcud., Syn. Pi. Glumac. 1: 316 (1854); Agropyron kingianum 
(Endl.) Petrie, Trans. & Proc. New Zealand Inst. 47: 18 (1915); Elymus 
kingianus (Endl.) A.Love, Feddes Report. 95:469 (1984); Elymus multiflorus var. 
kingianus (Endl.) Connor, Kew Bull. 45: 680 (1990); Elymus multiflorus subsp. 
kingianus (Endl.) de Lange 8c R.O.Gardner, New Zealand ). Bot. 43:571 (2005). 
Typ e: Norfolk Island, F.L. Bauer s.n., without date (holotype: W6210, image!) 

AUSTRALIA: Norfolk Island. 

Anthosachne plurinervis (Vickery) Barkworth 8< S.W.L.Jacobs comb. nov. Basionym: 
Agropyron scabrum var. plurinervis Vickery, Contr. New South Wales Natl. Herb. 
1: 342 (1951). Nomenclatural synonyms: Elymus scaber var. plurinervis (Vickery) 

B. K.Simon, Austrobaileya 2: 242 (1986); Elymus plurinervis (Vickery) Connor, 
New Zealand J. Bot. 43(2): 500 (2005); Anthosachne australasica var. plurinervis (as 
‘plurinervisa’) C.Yen 8c J.L.Yang, Xiao mai zu sheng wu xi tong xue 3: 230 (2006). 
Type: Australia, New South Wales, Inverell, E.O. Thomas 6, Nov 1912 (holotype: 
NSW8246). 

AUSTRALIA: Western Australia, South Australia, Victoria, New South Wales. 

Anthosachne rectiseta (Nees) Barkworth 8c S.W.L.Jacobs comb. nov. Basionym: Vulpia 
rectiseta Nees in Lehm., Pi. Preiss. ii: 107 (1846). Nomenclatural synonyms: 
Festuca rectiseta (Nees in Lehm.) Walp., Ann. Bot. Syst. (Walpers) 1:943 (1849); 
Elymus rectisetus (Nees) A.I.ove 8c Connor, New Zealand J. Bot. 20: 183 (1982). 
Type: Australia, Western Australia, Herb. Preiss 1819 (holotype: MEL). 

Taxonomic synonyms: Anthosachne australasica Steud., Syn. Pi. Glumac. 1: 237 (1854); 
Elymus australasica (Steud.) Tsvelev, Novosti Sist. Vyssh. Rast. Moscow & Leningrad 
[St. Petersburg / 10: 25 (1973); Anthosachne australasica var. typica (Steud.) C.Yen 
8c J.L.Yang, nom. itival .., in Yen et al (2006) Xiao mai zu sheng wu xi tong xue 3: 
228-229, f. 5-16. Type: Western Australia: Nov. LIoIl. /. Drummond 4 ,h coll.: 382, 
383, 384 (syntypes: K). 

AUSTRALIA: Western Australia, South Australia, Victoria, New South Wales. 

Anthosachne sacatulros (Connor) Barkworth 8c S.W.L.Jacobs comb. nov. Basionym: 
Elymus sacatulros Connor, New Zealand J. Bot. 32:138 (1994). Type: New Zealand: 
Isolation Creek, NW of Ben Moore, Marlborough, 800 ft, A.P. Druce s.n., Dec 1975 
(holotype: CMR279320). 

Anthosachne scabra (R.Br.) Nevski, Trudy Sredne-Aziatsk. Gosud. Univ., Scr. 8b, Bot. 
17: 65 (1934). Basionym: Triticum scabrum R.Br., Prodr. Fl. Nov. Holland.\78 
(1810). Nomenclatural synonyms: Festuca scabra Labill. (1805), nom . illeg. non 
Festuca scabra Vahl (1791), Agropyron scabrum (R.Br.) P.Beauv., Ess. Agroslogr. 102 
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(1812); Vulpia scabra (R.Br.) Nees, London J. Bot. 2: 419 (1843); Vulpia brauniana 
Nees, London ). Bot. 2: 419 (1843), nom. superfl. pro V. scabra; Festuca brauniana (as 
Browniana ) (Nees) Walp., Ann. Bot. Syst. (Walpers) 1:943 (1849); Festuca billardierei 
(as Billardicri) Steud., Syn. PI. Clumac. 1:304 (1854); Elymus scaber (R.Br.) A.Love, 
Feddes Report. 95(7-8): 468 (1984); Roegneria scabra (R.Br.) J.L.Yang 8c C.Ycn, 
Canad. ]. Bot. 69: 291 (1990); Anthosachnc australasica var. scabra (R.Br.) C.Ycn 8c 
J.L.Yang, Xiao mai zu sheng wu xi tong xue 3:228 (2006). Type: Australia, Tasmania: 
in capite Van-Diemen [Hobart),/./.H. de Labillardiere s.n., 1793 (holotype: FI). 

Anthosachnc solandri (Steud.) Barkworth 8c S.VV.L.Jacobs comb. ttov. Basionym: 
Triticum solandri Steud., Syn. PL Glutnac. 1: 347 (1854). Triticum squarrosum 
Hook.f., London /. Bot. 3: 417 (1844), nom. illeg., non Roth (1802). Triticum youngii 
Hook.f., Ilandb. New Zealand FI. 1: 343 (1864); Agropyron youngii (Hook.f.) 
P.Candargy, Archiv. Biol. Veg., Athenes, Fasc. 1: 39 (1901); Elymus solandri (Steud.) 
Connor, New Zealand ]. Bot. 32: 140 (1994). Type: New Zealand: “in rupibus propc 
Totarnui” (specimens on left and right) J. Banks & D. Solander s.n. (lectotype 
(Connor 1994): BM38288). 

Connorochloa Barkworth, S.W.LJacobs & H.Q.Zhang 

Connorochloa Barkworth, S.VV.L.Jacobs 8c H.Q.Zhang, Breeding Science 59: 685 (2009). 
Type species: Connorochloa tenuis (Buchanan) Barkworth, S.VV.L.Jacobs, 8c H.Q.Zhang 
[= Elymus tenuis (Buchanan) A.Love 8c Connor], 

Plants perennial, stolonifcrous. Culms 66-200 cm, internode below the inflorescence 
(peduncle) elongating greatly after anthesis and lying along the ground; lowest 
internodc 0.5-1 mm thick. Leaf blades to 1.2-2 mm wide, flat to somewhat involute. 
Inflorescence spikelike, 10-15 cm long, with 5-15 nodes; lowest internodc 18-28 mm 
long; middle internodcs 12-20 mm long; rachis prolonged beyond the base of the 
distal floret; disarticulation below the florets. Spikelets solitary, tangential to the rachis, 
25-40 mm long, with 6-8 florets. Glumes lanceolate, 3-10 mm long, coarsely scabrous, 
shorter than the adjacent lemmas, 3-veined, tapering into a stiff, scabrous awn up to 
5 mm long. Lemmas 6-10 mm long, mostly smooth, margins and distal portion of 
midvein scabrous, lip awned, awns 15-35 mm long. Paleas 7-10 mm long, tapering to 
a narrow tip. Anthers 2-3 mm, yellow. 

Distribution: only one species is known, ft is endemic to New Zealand. 

Cytology: 2 n = 56. Genomic constitution StYHW (Zhang ct al. 2010). 

History: Connorochloa was first recognised as a distinct genus in December, 2009. In 
describing it, Barkworth et al. (2009) acknowledged that it is morphologically very 
similar to some species of Anthosachnc, differing from them in being octoploid and 
its combination of basal leaves that are 1-1.5(2) mm wide, upper glumes that have 
1.3-6.5 mm long awns, and straight lemma awns (9)15-35 mm long. It was also 
thought to be unique in having peduncles that elongate and become prostrate after 
anthesis but plants identified as Anthosachne scabra in Victoria, Australia, have a similar 
habit. Clearly, further study is needed. 

Connorochloa tenuis (Buchanan) Barkworth, S.VV.L.Jacobs, 8c H.Q.Zhang, Breeding 
Science 59: 685 (2009). Basionym: Agropyron scabrum var. tenue Buchanan 
Indig. Grasses New Zealand, Add. & Corr. 11 (1880). Nomenclature synonyms’ 
Agropyron tenue (Buchanan) Connor, New Zealand J. Sci. Technol. B35- 318 (1954)- 


20 mm 



Fig. 4. Connorochloa tenuis: Johnson s.n., 21 Jan 1982, CHR 364502 and Dewey D-2970, 2 Jul 
1984, UTC 250464 (immature plant grown from seed sent by Connor). 


20 mm 
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Elyrnus tenuis (Buchanan) A.Love & Connor, New Zealand J. Bot. 20: 183 (1982). 
Type: New Zealand, without locality or date, Buchanan’s folio, (holotype: 
WELT59620, image!). 


Discussion 

The primary purpose of this paper was to publish the names required for adoption of 
the generic conclusions explained in Barkworth et al. (2009). Almost all the changes 
involve Australasian taxa currently included in Elymus by botanists in the region, most 
of which are transferred to Anthosachne. Consequently, recognising it will be easy for 
people already familiar with the Triticeae in Australasia. Distinguishing Contiorochloa 
from Anthosachne is, admittedly, hard; some will consider its recognition as a genus 
inappropriate. The discovery of plants, currently included in Anthosachne scabra, that 
seem to have a similar habit certainly raises questions. We decided to stand by our 
earlier decision pending further study of Anthosachne. 

The situation with respect to Connorochloa emphasises the desirability of completing 
taxonomic revisions before publishing new names. Unfortunately, completing such 
a revision will probably take, even with funding, three or more years and several 
nomenclaturally incorrect names have already been published. It seemed best, therefore, 
to present names that reflect the species-level treatment of the Australasian taxa by 
those familiar with them. 
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Abstract 

Two new species of Triodia R.Br. are described from the east Kimberley region of Western 
Australia; Triodia barbata R.L.Barrett & M.D.Barrett and T. cretnnophila R.L.Barrett & 
M.D.Barrett. Both species are restricted to a small area in the Ragged Range, to the south west 
of Lake Argylc where they are associated with cliff lines and fire-excluding rock outcrops. 
Amendments to the Flora of Australia key are provided to allow identification of these new 
species. A note is provided on the location of isotype specimens of Triodia fissura. 


Introduction 

Since the most recent revision of Triodia R.Br. (including Plechtradme Henr.) by 
Lazarides (1997) and the Flora of Australia treatment (Lazaridcs et al. 2005), only a single 
species of Triodia has been described, the recently named T. caelestialis G.Armstr. from 
the West Kimberley (Armstrong 2009). With increased collection of Triodia specimens 
in north-western Australia over the last decade, however, it has become apparent 
that some of the species concepts in the above treatments are difficult to consistently 
apply and some morphologically variable species would benefit from further detailed 
field studies and systematic revision (M.D. & R.L. Barrett pers. obs., RJ. Davidson, 
M.E. Trudgen & S.J. van Leeuwcn pers. comm.), as already noted for T. basedowii by 
Lazarides et al. (2005). In addition, six species are currently listed in Western Australia 
using informal phrase names on FloraBase (Western Australian Herbarium 1998+). 
This paper describes a further two morphologically distinctive species from the eastern 
Kimberley region. 

Fieldwork, associated with ecological surveys of the southern portion of the Ragged 
Range for a proposed iron ore mine in 2004, 2005 and 2010, located a number of 
plant taxa not previously represented in the Western Australian Herbarium. One of 
these, Corymbia cadophora subsp. polychroma R.L.Barrett has recently been described 
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(Barrett 2007). Two Triodia species discovered at the same time are named here in 
order to facilitate survey efforts and assessment of their conservation status. 

Plant assemblages on vertical sandstone surfaces in the east Kimberley are considered 
to represent a Priority One Ecological Community in Western Australia (Species and 
Communities Branch 2009). These cliffs and sparsely vegetated rocky slopes provide 
habitat for a number of conservation priority listed or poorly known plant species for 
Western Australia: Adiantum capillus-veneris L.,Doodia caudata (Cav.) R.Br., Eucalyptus 
ordiana Dunlop & Done, Ficus lilliputiana D.J.Dixon, Jacquemontia sp. Keep River 
(J.L. Egan 5015), Lindemia cleistandra W.R.Barker (s. str.), Lindcruia eremophiloides 
W.R.Barker, Pityrodia obliqua W.V.Fitzg., Taenitis pinnata (J.Sm.) Holttum, Triodia 
bunglensis S.W.L. Jacobs, T. fitzgeraldii N.T.Burb., T. fissura R.L.Barrett, G.B.Wells & 
K.W.Dixon, T. racemigera C.A.Gardner, as well as the two Triodia species described in 
this paper. Caves on these cliff faces are also known to provide habitat for Rhinonicteris 
aurantius (Gray), the Vulnerable listed Orange Leaf-nosed Bat (M. Ladytnan 
pers. comm.). The two species described here essentially co-occur, together with a 
third Triodia species T. racemigera, however the three species occupy different micro¬ 
habitats, so rarely grow intermixed. Triodia fissura was recently described from a similar 
cliff habitat in the east Kimberley (Barrett et al. 2005). 

Taxonomic treatment 

Triodia barbata R.L.Barrett 8c M.D.Barrett, sp. nov. 

Ab aliis congeneris plantis non resinosis, foliorum vaginis villosis, panicula laxa, 8-15 cm 
lata, spiculis 3.5-4.5 mm longis, glumis minute scabrosis, lemmate trilobata, lobis 
aequilongis, distinguenda. 

Type: E of Pompeys Pillar, southern Ragged Range [precise locality withheld for 
conservation purposes), east Kimberley, Western Australia, 4 Feb 2010, R.L.Barrett 
6607 (holo: PERTH 08239711; iso: BRI, CANB, DNA, K, MEL, NSW). 

Perennial , non-resinous; tussocks 0.8-1.5 m in diameter, 0.5-0.8 m high; flowering 
culms to 0.8-1.2 m above tussocks; plants not stoloniferous, not producing aerial 
roots. Culms minutely scaberulous. Leaf sheaths to 4 mm wide, densely pilose hairy, 
with hairs to 4 mm long, smooth or slightly scabrid, many-nerved; orifice ciliate on 
scarcely distinct auricles, with hairs to 2.5 mm long; ligule blunt, 0.1 mm long with a 
densely ciliate margin, the hairs to 0.6 mm long. Blades 25-60 cm long, 1.8-2.6 mm 
wide when flat or 0.7-1.1 mm wide folded, moderately rigid, stomatal groves equally 
spaced over the abaxial surface, glabrous except for long, pilose hairs on pseudopetiole, 
margins smooth, erect to recurved, with a pseudopctiolc 12-18 mm long. Panicle 
22-55 cm long, 8-15 cm wide, narrowly ovate, open, primary branches in alternate 
clusters, 10-13 cm long with few short secondary branches to 3.5 cm long, panicle 
axis ribbed, finely and densely scabrid, primary nodes with short-hispid tufts of 
hairs in the axils, pedicels 0.8-5.5 mm long gradually decreasing in size toward the 
panicle apex. Spikelets 3.5-4.5 mm long, 2.5-4 mm wide, composed of 4-6 closely- 
held florets, broadly elliptic, rachilla internodes c. 0.25 mm long, islcnder. Glumes 
2.7-3.5 mm long, subcqual, c. Vs as long as spikelet, scarious or cartilaginous, ovate, 
entire, obtuse, mucronulate (mucro 0.2-0.4 mm long), 3-nerved, minutely scabrous. 
Lemma cartilaginous to indurated, not bitextured, ovate, 3-lobed, lobes subulate, of 
(sub)equal length, 9-nerved with 3 groups of 3 nerves, each group running into a 


Triodia from Western Australia 


Telopea 13(1-2): 2011 


59 


lobe, long-hirsute in basal l A-Ys , the hair apices reaching to Ys of the lemma body 
length or to the base of the lobes, lobes shortly scabrid; basal lemma 3.2-4.0 mm long 
(including lobes), the body 2.3-2.6 mm long, 3-lobed for c. Va of length, the lobes 
0.9-1.2 mm long; distal lemmas decreasing in size, and lobes shorter, to 0.3 mm long 
(c. i/6 of total length) in apical lemma; callus 0.2 mm long, blunt, densely bearded with 
hairs to 1.3 mm long. Palea c. 3.0 mm long, exceeding the body of the lemma, almost 
reaching apex of lobes, membranous, not bitextured, lanceolate, obtuse to acute, body 
glabrous at base, sparsely shortly hairy in central part, densely shortly hairy in apical 
□ ; prominently 2-keeled, the keel thickened, wingless or scarcely winged, ciliate; flaps 
c. 0.15 mm wide at base, narrowed upward, membranous. Anthers c. 1.7 long, 0.2 mm 
wide. Caryopsis not seen. Figs la,b & 2. 

Phenology: flowers and fruits recorded for Jan-Feb, probably Dec-Mar. 

Distribution and habitat: currently known only from the type locality in the Ragged 
Range in the NE Kimberley over a distance of 300 m. Two small sub-populations are 
known (separated only by bare rock) on the edge of a large ironstone and sandstone 
cliff line where it grows on the top of near-vertical and steep rock faces, growing in 
fissures in the rock in fire excluding sites. 

Conservation status: there are estimated to be about 300 plants in the only known 
population. There are probably additional populations in the area, however the very 
rugged terrain and cliff habitat makes ground surveys difficult and with numerous 
Triodia species in this area, T. barbata cannot be reliably recognised from a helicopter. 
The two sub-populations are close to a proposed iron ore mine. Department of 
Environment and Conservation (DEC) Conservation Codes for Western Australian 
Flora Priority One. 

Other specimens examined: Western Australia: near type locality, 31 Jan 2005, R.L. Barrett 
5971; (BM, CANB, NSW, PERTH); near type locality, 5 Feb 2010, M. Ladyman s.ti. (AD, PERTH). 

Etymology: as this taxon has profusely hairy leaf sheaths, bearded inflorescence nodes 
and hirsute lemmas, it is named from the Latin barbatus (bearded) in memory of 
Surrey W.L. Jacobs (NSW), taxonomist and colleague, who contributed much to our 
understanding of the genus, from his Ph.D. thesis (Jacobs 1974), to his more recent 
taxonomic and floristic publications on Triodia and Triodieae (Jacobs 1992a-f, 2004; 
Jacobs et al. 2008). 

Notes: morphologically closest to T. roscida, sharing the evenly distributed abaxial 
stomatal grooves, small number of florets (3-5 in T. roscida vs. 4-6 in T. barbata), and 
distinctly 3-nerved, mucronulate glumes. T. barbata differs from T. roscida in having 
longer panicle branches (up to 4(7) cm long in T. roscida vs. 10-13 cm in T. barbata), 
having shorter lemmas (basal lemma 6-8 mm long including lobes in T roscida vs. 
3.2-4.0 mm long in T. barbata), and having more extensively hairy lemmas than T. roscida. 

In Lazarides et al. (2005), Triodia barbata would key to Group 4: Basedowii group. 
Within the Basedowii group (sensu Lazarides et al. 2005), T. barbata differs from 
T. basedowii and T. lanigera in having distinctly 3-nerved glumes (vs. 7+-nerved in the 
latter two species). Triodia barbata differs from T. brizoides in having longer panicle 
branches (10-13 cm long vs up to 4 cm long in T. brizoides), usually having fewer florets 
(4-6 vs 4-18 in T. brizoides), and the lemmas being more hairy. Triodia barbata differs 
from T. intermedia in having obsolete palea wings (strongly protruding and clearly 
visible in situ in T. intermedia), more hairy lemmas (hairy only near midnerve and 


60 


Telopea 13(1-2): 2011 


Barrett and Barrett 




Fig. 1 . Habitats at type locations, a & b, Triodia barbata (a, mid-slope only); c, T. cremnophila 
(cliff face only). 
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Fig. 2. Triodia barbata. a, habit; b, leaf sheath; c, inflorescence; d, spikelets. (a & c from Barrett 
6607; b & d from Barrett 5971 ). 
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basal margins in T. intermedia), and longer panicle branches (to 2(3.5) cm long in 
T. intermedia). Triodia barbata differs from T. inutilis in having fewer florets (7-15 in 
T. mnf!7is),palea keel wings narrow (with prominent palea wings visible in situ in T.inutilis), 
and hairs on sheath straight and not tangled (woolly-tangled in T. inutilis). Differs from 
T. wiseana in the lemma being considerably more hirsute (hairs present only along 
lower midnerve and margins in T. wiseana), palea not bitextured (abruptly bitextured 
in T. wiseana), and shorter lemmas (basal lemma 4-7.5 mm long in 71 wiseana). 

In order to minimise change to the Flora of Australia key, a new couplet, 4A, is required 
after couplet 4 in the Group 4 (Basedowii group) key (p. 221), to include T. barbata. 

4A Plants non-resinous; leaf sheath villose on surface; lemma hair apices reaching at least % 

length of lemma body; lemma 3.2-3.6 mm long; spikelets with 4-6 florets T. barbata 

4A: Plants resinous; leaf sheath surfaces glabrous; lemma hairs not as above; lemma 4-7.5 mm 
long; spikelets with 4-16 florets.(5) 

Burbidge (1946a,b), Jacobs (1971) and Mant (1998) showed that Triodia leaf anatomy 
can be coarsely classified into two types, one with stomatal grooves evenly distributed 
over the abaxial surface of the blade (ambito-abaxial stomata; ‘hard’ spinifexes), 
the other with the nerves on the abaxial surfaces concentrated in a median band 
(centro-abaxial stomata; ‘soft’ spinifexes). The terms ‘hard’ and ‘soft’ are derived from 
common usage refering to general leaf stiffness and palatability, however microscopic 
examination and sectioning is usually required for accurate classification into the two 
anatomical types, in particular to distinguish true stomatal grooves from surface ridges 
lacking associated stomata. Sectioning and surface examination showed that Triodia 
barbata has true stomatal grooves evenly spread over the abaxial surface of the blades, 
consistent with the ‘hard’-type anatomy. 

Triodia cremnophila R.L.Barrett 8c M.D.Barrett, sp. nov. 

Ab aliis congeneris plantis non resinosis, foliis pseudopetiolatis, inflorescentia erecta, 
spiculis 4.0-6.1 mm longis, lemmate trilobata lobo medio 2.2-3.0 mm longo, lobis 
lateralibus 1.6-2.0 mm longis distinguenda. 

Type: E of Pompeys Pillar, southern Ragged Range [precise locality withheld for 
conservation purposes], east Kimberley, Western Australia, 4 Feb 2010, R.L.Barrett 
6600 (holo: PERTH 08239770, iso: BRI, CANB, DNA, K, MEL, NSW). 

Perennial, non-resinous, forming tussocks 0.5-1 m in diameter, 0.4-0.6 m high, 
shortly stoloniferous; sometimes producing aerial roots; flowering culms 0.6-1.1 m 
high. Culms minutely scaberulous. Leaf sheaths to 3 mm wide, densely hirsute with 
hairs to 1.7 mm long, smooth, many-nerved; orifice distinctly auriculate, ciliate with 
hairs to 0.2 mm long; ligule blunt, 0.1 mm long with a densely ciliate margin, the 
hairs to 0.5 mm long. Blades 22-37 cm long, 0.8-1.1 mm wide, erect to reflexed, stiff, 
stomatal grooves equally spaced over the abaxial surface, glabrous, margins of blade 
smooth except minutely scabrid on margins of pseudopetiole, with a pseudopetiole 
11-24 mm long. Panicle 27-38 cm long, 1.5-5 cm wide, lanceolate, loose, branches 
simple or sparingly divided, primary branches in alternate to sub-opposite clusters, 
to 10.5 cm long; secondary branches to 2.5 cm long, axis ribbed, finely and densely 
scabrid; pedicels 1.5-7.0 mm long. Spikelets close, 4.0-6.1 mm long (excluding awns), 
2.2-4.3 mm wide, 4-5(-6)-flowered, cuneate, straw-yellow to reddish brown; rachilla 
internodes 0.8-0.9 mm long, slender. Glumes Vs to as long as spikelet (excluding awns), 
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3.4-5.1 mm long, unequal, upper glume c. 0.8 mm longer than lower glume and 
reaching to apex of spikelet (excluding awns), lower glume reaching c. Vi of spikelet 
length, cartilaginous, lanceolate, acuminate, mucronulate, entire, 1 -nerved, minutely 
scabrous; upper and lower glumes distinctly separated by an internode c. 0.4 mm long. 
Lemma: indurated, 3-lobed, 3-awned, 3-nerved, the central nerve weakly keeled, with 
spreading hairs in basal half, glabrous above, margins scabrous; basal lemma body 
2.6-2.9 mm long; midlobe (including awn) 2.3-3.0 mm long; lateral lobes (including 
awn) 1.6-2.0 mm long, lobes ±flat in section near base, straight; callus 0.2 mm long, 
blunt, bearded with hairs to 1.0 mm long. Palea c. 3.0 mm long, slightly exceeding 
lemma body, membranous, not bitextured, lanceolate, apex shortly bicuspidate, with 
a ttruncate, ciliate-erose apex between the short mucros, body with spreading to 
appressed hairs in lower half, glabrous above, margins finely ciliate, keels thickened, 
wingless or scarcely winged; flaps c. 0.15 mm wide, narrowed upward, membranous. 
Anthers not seen. Caryopsis not seen. Figs lc & 3. 

Phenology: flowers and fruits recorded for Jan-Feb, probably Dec-Mar. 

Distribution and habitat: currently known only from the vicinity of the type locality 
in the Ragged Range in the NE Kimberley over a distance of some 8 km. Occurs on 
near-vertical and steep quartz-sandstone rock faces, growing in narrow fissures in the 
rock, occasionally extending a short distance (5-10 m) over the top of the cliff in fire 
excluding sites. 

Conservation status: aerial surveys from a helicopter have located several thousand 
plants along 8 km of semi-continuous cliff lines on the SW side of the Ragged Range 
overlooking the Great Northern Highway, to the west of the Argyle Diamond Mine. 
The distribution extends east to the current Argyle Diamond Mine pit that has possibly 
claimed some of the habitat for this species. An iron ore mine is proposed in the vicinity 
of the centre of the known distribution of this species. No comprehensive surveys for 
this species have been conducted in the wider east Kimberley, however the nearest 
large cliffs are disjunct, 10-30 km distant, and this species is potentially restricted to 
cliffs in the Ragged Range. Department of Environment and Conservation (DEC) 
Conservation Codes for Western Australian Flora Priority One. 

Other specimens examined: Western Australia: near type locality, 30 Jan 2005, R.L. Barrett 
5968 (AD, BM, CNS, PERTH); 31 Jan 2005, C.Slee per R.L. Barrett 5969 (CANB, PERTH); 31 
Jan 2005, R.L. Barrett 5970 (BR1, CANB, DNA, K, NSW, PERTH); 5 Feb 2010, R.L. Barrett 6609 
(DNA, MEL, NSW, PERTH); 5 Feb 2010, M. Ladyman s.n. (PERTH). 

Etymology: derived from the Greek words kremnos and phileo meaning a lover of steep 
places or cliffs (Brown 1956) in reference to this taxon being restricted to vertical cliff 
faces. 

Notes: no obviously close relatives are known. The lemma awns are shorter and of 
different appearance to awns of species in the Schinzii and Danthonioides groups (sensu 
Lazarides et al. 2005), and are probably not homologous with them. The combination of 
lemma awns and tropical distribution invites confusion with members of the Schinzii 
group, e.g. T. bynoei and T. bunglensis (S.W.L.Jacobs) Lazarides. However, all Schinzii 
group species (except T. aeria discussed below) are immediately separated by having 
stomatal grooves on the abaxial surface of the leaf blade restricted to the central part 
(centro-abaxial stomata, ‘soft’-type anatomy; see discussion under T. barbata) Most 
species in the Schinzii group also have resinous leaves lacking a pseudopetiole (leaves 
non-resinous and pseudopetiolate in T. cremnophila). 
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Fig. 3. Triodia cremnophila. a, habit; b, leaf sheath; c, inflorescence; d, spikelets. (a, c & d from 
Barrett 6600 ; b from Barrett 5970). 
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The only other Kimberley species sharing awned lemma lobes and stomatal rows 
distributed over the abaxial leaf surface (ambito-abaxial stomata) is T. aeria Lazarides 
(Mant 1998). Triodia aeria can be distinguished from T. cremnophila by having much 
shorter leaves 2-7(10) cm long (Lazarides et al. 2005), lemmas with recurved and 
spirally twisted awns 2-8 mm long (vs. straight and 1.6-3 mm long in T. cremnophila ), 
and 3(-5)-nerved glumes which are 7-9 mm long (glumes 1-nerved and 3.4-5.1 mm 
long in T. cremnophila). 

T. cremnophila is also superficially similar to T. prona in having non-resinous, 
pseudopetiolatc leaves (Lazarides 1997), differing in having stomatal grooves over 
the entire abaxial leaf surface (absent from the lateral parts of the abaxial surface in 
T. prona), erect culms (procumbent in T. prona) and glumes smaller in T. cremnophila 
(3.4-5.1 mm long vs 7-9 mm long in T. prona). 

In the Flora of Australia key (Lazarides et al. 2005), Triodia cremnophila would key 
to Group 8 (Danthonioides group). Triodia cremnophila differs from all species in 
the Danthonioides group by the significantly shorter glumes and lemma awns. All 
members of the Danthonioides group are restricted to south-western Australia, and 
are widely disjunct from the distribution of T. cremnophila. 

Triodia cremnophila can be included in the keys of Lazarides et al. (2005) by adding the 
following couplet in the Group 8: Danthonioides group key (pg. 248) after the second 
lead of couplet 1: 

2A Glumes 3.4—5.1 mm long; basal lemma with awns less than 5 mm long. Kimberley 

Region. T. cremnophila 

2A: Glumes 8 mm or more long; basal lemma with awns more than 10 mm long, except 

in T. dielsii (2.5-6 mm long). South-western Australia. (3) 

Sectioning and surface examination showed that T. cremnophila has true stomatal 
grooves evenly spread over the abaxial surface of the blades, consistent with the ‘hard’- 
type leaf anatomy. 

Triodia cremnophila possesses lemma awns, a feature that would previously have 
placed it within Plectracne until Lazarides (1997) submerged Plectracne into Triodia, 
demonstating that the distinction was untenable. That view is further supported here, 
as T. cremnophila seems distantly related to the other tropical ‘ Plectracne’ species in 
the Schinzii Group (sensu Lazarides et al. 2005), differing especially in the type of leaf 
anatomy (‘hard’-type in T. cremnophila,' soft’-type in the Schinzii group, except T. aeria 
fide Mant 1998). Leaf anatomy is an important character in Triodia (Burbidgc 1946a,b; 
Jacobs (1971), and appears lo be more phylogenetically informative than lemma 
morphology (Mant 1998, Mant et al. 2000, Petersen et al. 2010). A few infra-generic 
groups in Lazarides et al. (2005) combine species that differ greatly in leaf anatomy 
(Mant 1998) in order to group species with similar lemma division and distribution. 
T. cremnobata further confuses the boundaries between the Schinzii and Danthonioides 
groups of Lazarides et al. (2005), suggesting that they may not be monophylctic, and 
that improvements to that system might be needed when further phylogenetic analyses 
are available. 
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Triodia fissura R.L.Barrett, G.B.Wells & K.W.Dixon, FI. Australia 44B: 207,458, fig. 32 
(2005). 

Notes: the distribution of duplicates of the type collection from PERTH was changed 
subsequent to the text being finalised in the Flora of Australia treatment, hence the 
location of isotypes cited there is incorrect. The correct locations of the isotype sheets 
are as follows: AD, BM, BRI, CANB, DNA, HO, K, MEL, NSW, NT, PERTH (2 sheets). 
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Abstract 

Ecdeiocolea rigens B.G.Briggs is described and illustrated, being the second species of its 
genus and third species recognised in Ecdeiocoleaceae. E. rigens is abundant on sand plains in 
a region north and east of Geraldton in the west of Western Australia. It occurs sympatrically, 
without evidence of intergradation, with the more widespread E. monostachya F. Muell. and is 
distinguished by its extensively rhizomatous habit, larger size and rigid culms. Brief comment is 
made on culm anatomy and DNA findings. A lectotype is selected for E. monostachya. 


Introduction 

Ecdeiocoleaceae have recently come to unexpected notice as possibly the closest living 
relatives of Poaceae. The close relationship of Ecdeiocoleaceae to Poaceae, rather than 
to Restionaceae, was first indicated by Briggs et al. (2000). The clade of Joinvilleaceae, 
Ecdeiocoleaceae and Poaceae is robustly supported by DNA data (Bremer 2002; 
Michelangcli et al. 2003; Chase 2004; Hilu 2004; Chase et al. 2006; Givnish et al. 2006; 
Marchant & Briggs 2007; Bouchenak-Khelladi et al. 2008; Givnish et al. in press). 
This clade, however, remains unresolved or resolves in conflicting ways in analyses 
based on different plastid DNA data and in analyses using different methods (Saarela 
& Graham 2010; Briggs et al. 2010). The extensive diversification and worldwide extent 
of Poaceae are in sharp contrast to their sister groups with only one genus of two species 
in Joinvilleaceae and, until now, two monotypic genera in Ecdeiocoleaceae. 

Features of Ecdeicoleaceac were described by Linder et al. (1998) and also, for 
reproductive structures, by Rudall et al. (2005). These include the highly xeromorphic 
anatomy of the culms (Cutler &. Airy Shaw 1965; Cutler 1969) with a sub-epidermal 
sclcrenchyma layer and stomates protected at the base of deep longitudinal grooves 
which divide the chlorenchyma into longitudinal segments. Leaves are reduced or 
absent in adult plants. The structure of the inflorescence of these monoecious plants 

'This paper is dedicated to the memory of my colleague Dr Surrey Jacobs recognising especially his major 
contributions to the systcmatics and phylogeny of Poaceae and his enthusiasm for field studies of Australian 
plants. 
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is also common to all members of the family, with male and female flowers in zones 
that open progressively up the spike, the basal zone being of female flowers; the flowers 
are wind-pollinated with exserted anthers or feathery stylar branches. Features of 
Ecdeiocolea include: culms consisting of a single long internode with one persistent 
sheath high on the culm (at the base of the peduncle which is more slender than the 
culm), spike solitary, flowers with six tepals and four stamens; ovary at first 2-locular 
but only one loculus and one seed developing; stylar branches two; fruit a nut. The 
other genus recognised in the family, Georgeantha B.G.Briggs & L.A.S.Johnson, differs 
in having several culm nodes with caducous sheaths, some elongation of the leaf lamina, 
a branched inflorescence with two or several spikes, and dehiscent 3-locular capsular 
fruits (Briggs & Johnson 1998). Also, in Georgeantha, the sub-epidermal sclerenchyma 
is connected to the outer vascular bundles by a sclerenchyma rib through the centre 
of each chlorenchyma segment. Ecdeiocolea monostachya F.Muell. and G. hexandra 
B.G.Briggs & L.A.S.Johnson arc described and illustrated in Meney et al. (1999). 

Typification of Ecdeiocolea monostachya 

Before describing E. rigetis as new, it has been necessary to confirm the identity of 
the synlypes of E. monostachya, especially since some are from the Murchison River 
in Western Australia, where E. rigetis also occurs. The opportunity is taken to select a 
lectotype for E. monostachya. 

Ecdeiocolea monostachya F.Muell. (Mueller 1874: 236): 

Lectotype, here designated: Drummond 2nd collection 342 (MEL 15088!; isolectotypes 
MEL 15087!, Drummond Swan River K!). Synlypes: Murchison River, Oldfield (MEL 
15086!, 15089!),‘thickclumps, sand Plain near G’nia, Murchison R,W. Australia’, Oldfield 
(K! [2 sheets]). 


Taxonomy 

Ecdeiocolea rigetis B.G.Briggs, sp. nov. 

Ab Ecdeiocolea monostachya combinatione charactcrum sequentium distinguitur: 
habitus rhizomati longi, culmi rigidi, ad 1.8 m Iongi, basi (1.5)2-3 mm diametro, 
plerumque in rhizomate per 5-20 mm. separati, spicae fiorenti latior, 7-12 mm 
diametro. 

Type: Western Australia: E side of Wandin Creek, 600m S of Campbells Rd, SE of East 
Yuna, WNW of Mullewa (28°25'04"S, 115°10'59"E), B.G. Briggs 9904, 19 Oct 2008 
(holo NSW 783187; iso AD, BRI, CANB, HO, L, LE, MEL, MO, NY, PERTH, PRE, Z). 

Monoecious, rhizomatous herb with sand-binding roots; forming dense patches 
or spread diffusely over areas up to 2m across. Rhizomes to 15 cm or more long, 

4- 6 mm diam., with tufts of long (3-6mm) hairs covered by glabrous cataphylls. 
Basal sheaths persistent, mostly dull brown, paler toward the apex, to 22 cm long, 

5- 8 mm broad. Culms mostly spaced 5-20 mm apart on the rhizome (though 
sometimes more crowded), terete, rigid, striate, to 1.8m tall, each bearing a single 
cauline bract and single spike; near the base (1.5-)2-3 mm diam. (measured when dry), 
narrowing above to 1.2-1.5 mm diam.; toward the base with a white powdery coating; 
cauline bract scarious, c. 3 cm long; peduncle (above the bract) to 15 cm long, 
0.8-1.3 mm diam. Spike: 20—45 mm long, 7-12 mm wide, the axis with long pale 
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hairs; zones of female and of male flowers alternating once or twice towards the apex 
depending on spike development which varies greatly with seasonal conditions; the 
most basal zone being of female flowers; flowers each solitary in the axil of a bract; 
bracts spirally arranged in 5 ranks; in good seasons the spike with 30-45 flowers (fewer 
or wholly aborted in drought seasons), each rank with 7-9 flowers (each rank with 
lor 2 female flowers at the base, above them 4-8 males, and 1 or 2 females toward 
the apex). Floral bracts: ovate-cuneate, brown, firm, dull or slightly glossy, 5-7 mm 
long. Flowers: on very short pedicels, tepals 6, c. 6 mm long, scarious to hyaline, with 
infolded margins toward the rounded apex; outer tepals keeled, inner tepals ± flat. 
Male flowers: distinguished externally from the females by the lateral tepals densely ciliate 
on the keel toward the apex with branching multicellular hairs to 0.5 mm long; anthers 
c. 3 mm long; pistillode present. Female flowers: tepals glabrous; staminodes minute; 
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Fig. 1. a-c Ecdeiocolea rigens a, habit, b, spike, c, rhizome, cataphylls and culm bases, showing 
separation between most culm bases, d, E. monostachya, part of tussock base showing crowded 
culm bases and slender culms, a, b, from R.V. Smith 66/281 (NSW 406461); c, Brings 9852- 
d, Briggs 9853 (3 km S of Hawkes Head Lookout, Kalbarri National Park, 22 Nov 2007 [NSW 
757772]). Scale bar: a = 9 cm; b = 1.5 cm; c, d = 5 cm. 
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stylar branches 2, very shortly united. Fruit a nut, 4-5 mm long, 3 mm wide, globular 
with a wrinkled, blunt apical beak; shed with tepals attached and pedicel c. 1mm long. 
Seeds white, globular, finely ridged. (Fig. 1) 

Distinguished from E. monostachya by the extensively rhizomatous habit (Fig. 2), so 
that plants form widely-spaced clumps or lines of culms; cataphylls brown and less 
glossy; culms stouter, more rigid and generally taller; spikes broader. The contrasting 
features of E. monostachya are: caespitose habit with large dense tussocks of crowded 
culms, cataphylls tan and glossy; culms to 1—1.5(—1.8) mm diam. near the base and 
0.5-1 m tall; spikes 4.5-6 mm diam. 




Fig. 2. Rhizomes of Ecdeiocolea rigens and comparison with E. monostachya. a, rhizome with 
culm bases of Ecdeiocolea rigens excavated in the field, b, rhizome with culms of Ecdeiocolea 
rigens (lower left) placed beside slender-culmed dense tussock of E. monostachya (upper right). 
The older culm bases of E. rigens have been charred by fire. Photos by P. Meagher from the site 
of collection of Briggs 9696, 9697 and 9701, where the two species occur intermixed. 
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This taxon was previously known by the informal phrase name ‘ Ecdeiocolea sp. Rigid 
{R.V. Smith 66/281 )’ (Western Australian Herbarium: FloraBase 1998+). 

Etymology: the epithet refers to the rigid culms which are usually stiffly erect: rigens 
(Latin) = stiff, rigid. 

Culm anatomy: similar to E. monostachya but large sclereids in the chlorenchyma are 
more common than in E. monostachya ; the sub-epidermal sclerenchyma is deeper; 
and larger strands of sclerenchyma surround the vascular bundles, extending radially 
inwards and outwards from the vascular bundle. 

Chloroplast DNA sequence data: Briggs ct al. (2010) reported that truL-F sequences 
of E. monostachya and E. rigens are identical and only nine bases differ in the trnK 
sequences. 

Distribution and flowering: Western Australia: mostly Geraldton Sandplains but also 
edge of Avon Whealbelt and Yalgoo. In Kalbarri National Park and north and east of 
Geraldton from Eurardy towards Mullewa in the westofWestern Australia, on sandplains 
of yellow sand and in shrubland in a region of low rainfall. Commonly occurring 
intermixed with the more widespread E. monostachya. Since there is no geographic 
or ecological separation, the reproductive isolation of these wind-pollinated species 
is of interest. There have been insufficient observations to establish whether there is a 
difference in flowering time but any such difference is probably minimal. Specimens 
of E. rigens show pre-anthesis spikes or dowering in August, and developing or mature 
fruits in October. Flowering of E. monostachya ranges from August to October, with 
peak flowering in September. 

Conservation status: reasonably widespread and often abundant; not endangered. 
Resprouting after fire. 

Selected specimens examined (sequence north to south): Western Australia: Irwin: Nerren 
Nerren Station,/.S. Beard 6753, 08 Oct 1973 (NSW, PERTH); North West Coastal Highway 24.6 
km north of Kalbarri turn off, B.G. Briggs 9710, 27 Aug 2006 (NSW, PERTH); Kalbarri National 
Park, 28.8 km northwest of North West Coastal Highway on Ajana-Kalbarri Road, B.G. Briggs 
9696, 9697, 9701, 26 Aug 2006 (NSW, PERTH); 3 km by road south of Hawkcs Head lookout, 
beside road towards Ajana-Kalbarri Road, B.G. Briggs 9852, 22 Nov 2007 (NSW, PERTH); 
Kalbarri-Ajana Road, 9.6 km SE of National Park boundary, B.G. Briggs 9707, 27 Aug 2006 (AD, 
CANB, DNA, K, KYO, MO, NSW, NY, PERTH); 10 miles [ 16 km] along North West Highway 
towards Kalbarri, C.H. Gittins 1566, Aug 1967 (NSW, PERTH); North West Coastal Highway, 
7 miles [c. II km] N of Murchison River Bridge, R.V. Smith 66/281, Sep 1966 (NSW, MEL, 
PERTH); Kirralec Farm, Brooke Road, Ajana, 10 km E of North West Coastal Highway, G. & 
P. Allan 52, 21 Aug 2001 (PERTH); Peter Road, 1 km N of Old Geraldton Road, W of Mullewa, 
B.G. Briggs 9901, 9902, 19 Oct 2008 (NSW, PERTH). 
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Abstract 

Phcnetic (ordination and duster) analysis using an extensive morphometric character set of all 
three species of the grass genus Walwhalleya (W. pungens, W. subxerophylla and W. proluta) and 
the monospecific Homopholis (H. belsonii) corroborated intuitive recognition of a new species, 
‘Walwhalleya sp. Flinders Ranges’. The new species is characterised in part by prominently 
strigose upper glumes and lower lemmas. Known only from two gatherings, and likely rare, we 
assign it the IUCN conservation status of‘data deficient’. We name this new species Walwhalleya 
jacobsiana in honour of Surrey Jacobs. 


Introduction 

Previous phonetic and cladistic analyses of some members of Paniceae resulted in the 
erection of the new genus Walwhalleya (K.E.Wills & J.).Bruhl) K.E.Wills & ].).Bruhl 
(syn. Whalleya K.E.Wills & J.J.Bruhl, rtotn. illcg. non Whalleya J.D.Rogers, Y.M.Ju & 
F.San Martin). The genus includes Walwhalleya proluta (F.Muell.) K.E.Wills & J.J.Bruhl, 
W. subxerophylla (Dontin) K.E.Wills & J.J.Bruhl and the newly described VV. pungens 
(K.E.Wills & J.J.Bruhl) K.E.Wills & J.J.Bruhl. Homopholis C.E.Hubb., from which 
Walwhalleya was separated, was restricted to the type species, //. belsonii C.E.Hubb. 
(Webster 1987; Wills et al. 2000; Bruhl et al. 2006). 

In preparing to return loans for our previous studies of these grasses (Wills et al. 
2000; Bruhl et al. 2006), we examined 120 specimens of Walwhalleya proluta from 
MEL and 65 specimens from AD that had not been used in the previous analyses. 
Two gatherings from the Flinders Ranges appeared to be distinctly different from the 
rest of the specimens, and we intuitively segregated them as a putative new species. We 
also observed unrecorded variation in spikelet indumentum in some other specimens. 
The aim of the present study was to investigate the extent of morphological variation 
among the additional 185 specimens, and their taxonomic status. 
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Materials and Methods 

Selection of specimens: thirty five specimens (Table 1) were used as operational 
taxonomic units (OTUs) (cf. Wills et al. 2000), including additional material of 
Walwhalleya proluta from AD and MEL to sample the range of indumentum on the 
glumes and lower lemma, including the two morphologically distinct specimens from 
AD. Selection of OTUs was biased towards presence of good vegetative and flowering 
material. An additional specimen each of W. pungens and Homopholis belsonii was 
selected to verify that the scoring of characters in the new study by RDBW was consistent 
with that of Wills (1996). All the original specimens examined by Wills (1996) were 
reassessed in this study for extra characters. 

Character selection: the original data set used by Wills et al. (2000) was reduced to only 
include vegetative, inflorescence and spikclct morphological characters. OTUs of other 
genera and species such as Digitaria coenicola (EMuell.) Hughes, Panicutn effusuM 
R.Br. and P. queenslandicum Domin, included in Wills et al. (2000), were omitted 
here. Attributes from the original study rendered invariant in the present data set were 
removed. Obvious differences apparent in the indumentum of the glumes and lemmas 
among the new specimens prompted the addition of further characters (see asterisks in 
Table 2). A total of 82 characters were used in the analyses (Table 2). Characters were 
scored on dried herbarium specimens or rehydrated material for some of the spikelet 
characters. Methods for morphology, micromorphology and anatomy follow Wills et 
al. (2000). 

Analyses: a single data matrix was constructed for all characters (Appendix 1). Cluster 
and ordination analyses were undertaken using PATN V. 3.03 (Blatant Fabrications Pty. 
Ltd). All characters were given equal weighting in the analyses. Gower Metric was used 
for the association measure. Phenograms were produced using flexible UPGMA with 
P=-0.1. Three dimensional ordination plots of semi-strong hybrid multidimensional 
scaling (SSH MDS) were generated. ‘Number of iterations’ was increased to 1000 to 
minimise stress in the ordination. Phenograms, ordination scatter plots and plots of 
correlation of characters with ordination pattern (PCC) were produced directly from 
PATN and figures colour-coded using Adobe Illustrator CS3 v. 13.0. The criteria for 
accepting the putative species as distinct entities were 1) the OTUs representing the 
putative species formed a discrete group distinct from all other groups of OTUs in 
both cluster and ordination analyses and 2) the two OTUs within this group exhibited 
minimal dissimilarity compared with known species included in the analyses (see Wills 
et al. 2000; Plunkett et al. 2009). 


Table 1. Vouchers for specimens in phenetic analyses. Species: OTU, voucher. 


Homopholis belsonii: HB1, R. Tremont 4 (NE); HB2, R. Tremont 5 (NE); HB3, R. Tremont 1 (NE); 

HB4, R. Tremont 3 (NE); HB5, AD 99040158; HB6, R. Tremont 2 (NE); Walwhalleya proluta WPR1, 
MEL 1620815; WPR2, MEL 1564746; WPR3, AD 98446400; WPR4, MEL 570575; WPR5, MEL 1620817; 
WPR6, AD 97507128; WPR7, AD 97636285; WPR10, MEL 1620816; WPR11, AD 98665088; WPR12, 
MEL 1511529; WPR13, N.C.W. Beadle s.n., 2 Nov. 1970 (NE 24894); WPR14, AQ 418275; WPR15, 
NSW 365202; WPR16, MEL 225501; WPR17. NSW 221763; WPR18, NSW 355220; Walwhalleya sp. 
Flinders Ranges: WPR8, AD 97021093; WPR9, AD 97215110; W. pungens: WPU1, K.E. Wills 100 
(NE); WPU2, K.E. Wills 83b (NE); WPU3, K.E. Wills 108 (NE); WPU4, K.E. Wills 69b (NE); WPU5, J.R. 
Hosking 1622 (NE67741); WPU6, K.E. Wills 69a (NE); W. subxerophylla WS1, AQ 425324; WS2, 
NSW 220377; WS3, NSW 254088; WS4, NE 8579; WS5, M. Driver s.n., Sep. 1978 (NE 40105). 
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Results and Discussion 

Phenetic patterns from SSH MDS ordination and UPGMA clustering (Figs 1 & 2) 
are essentially the same and recover the same groups as we intuitively predicted and 
are consistent with those of previous analyses of the group by Wills et al. (2000). The 
stress value of the ordination is very low (0.0607) and most of the characters correlate 
strongly with the ordination space (Table 3). 

Five distinct groupings of OTUs were obtained. One group, whose OTUs had not been 
previously analysed, represents the two Herbarium AD specimens from the Flinders 
Ranges allocated by AD to Homopholis proluta. This group appears more similar to 
W. subxerophylla than to either W. proluta or W. pungens phenetically (Figs 1 & 2) and 
morphologically (Fig. 3) and is here referred to as Walwhalleya sp. Flinders Ranges 
until formally described below. This new species is readily distinguished, with the aid 
of a hand lens, from other members of the genus by strigose upper glumes and lower 
lemmas of its spikelets (Fig. 3). 



Fig. 1. Phenogram based on Gower association and flexible UPGMA with |3=-0.1 of OTUs of 
Homopholis and Walwhalleya. HB= Homopholis belsonii, WPR= Walwhalleya proluta WS= 
W. subxerophylla, WPU= W. pungens. Following analyses WPR8 and WPR9 were assigned to 
Walwhalleya sp. Flinders Ranges. See Table 1 for vouchers. 
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Table 2. Morphological characters used for ordination and cluster analyses of 
Walwhalleya and Homopholis. * = Characters additional to those used in the analysis 
by Wills et al. (2000). 

No. Character: States 


Vegetative 

1. plants: stoloniferous/not stoloniferous 

2. auricle: present/absent 

3. ligule length (mm) 

4. leaf width (mm) 

5. leaf tip: pungent/not pungent 

6. leaf blade adaxial surface: hairy/not hairy 


Inflorescence 

7. inflorescence at maturity: fully exserted/not fully exserted 

8. primary inflorescence branches: spreading/not spreading 

9. primary inflorescence branches degree of secondary branching: many/not many 

10. primary inflorescence branches: spikelets appressed/not appressed 

11. primary inflorescence branches: spikelets ascending/not ascending 

12. primary inflorescence branches at lowermost inflorescence node: whorled/not whorled 

13. pedicels: flexuose/not flexuose 

14. spikelet: number on a typical lowermost branch 


Spikelet 

15. 

16. 

17. 

18. 

19. 

20 . 

21 . 

22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 


spikelet shape: lanceolate/not lanceolate 

spikelet length (mm) 

spikelet width (mm) 

spikelet length to width ratio 

lower glume length (mm) 

lower glume shape: triangular/not triangular 

lower glume shape: ovate/not ovate 

lower glume shape: lanceolate/not lanceolate 

lower glume shape: elliptic/not elliptic 

lower glume number of nerves 

lower glume texture: rough/not rough 

lower glume apex shape: long acuminate/not long acuminate 

lower glume apex shape: acuminate/not acuminate 

lower glume apex shape: acute/not acute 

lower glume apex shape: rounded/not rounded 

'lower glume intercostal indumentum in the upper third: present/not present 
'lower glume intercostal indumentum in the lower two thirds: present/not present 
'lower glume vein indumentum scabrous/not scabrous 
'lower glume mid vein indumentum in upper third: present/not present 
'lower glume mid vein indumentum in lower two thirds: present/not present 
'lower glume lateral vein indumentum in upper third: present/not present 
'lower glume lateral vein indumentum in lower two thirds: present/not present 
lower glume ratio to spikelet length 
upper glume length (mm) 


Walwhalleya jacobsiana (Poaceae, Paniceae) 


Telopea 13(1-2): 2011 


81 


39. upper glume number of nerves 

40. upper glume texture: membranous/not membranous 

41. upper glume texture: chartaceous/not chartaceous 

42. upper glume: hairy/not hairy 

43. "upper glume intercostal indumentum type: scabrous/not scabrous 

44. "upper glume intercostal indumentum: strigose/not strigose 

45. "upper glume intercostal indumentum in upper third: present/not present 

46. "upper glume intercostal indumentum in lower two thirds: present/not present 

47. "upper glume vein indumentum: scabrous/not scabrous 

48. "upper glume vein indumentum: strigose/not strigose 

49. "upper glume mid vein indumentum in upper third: presents/not present 

50. "upper glume mid vein indumentum in lower two thirds: present/not present 

51. "upper glume lateral vein indumentum in upper third: present/not present 

52. "upper glume lateral vein indumentum in lower two thirds: present/not present 

53. lower lemma texture: membranous/not membranous 

54. lower lemma texture: chartaceous/not chartaceous 

55. lower lemma apex shape: long acuminate/not long acuminate 

56. lower lemma apex shape: acuminate/not acuminate 

57. lower lemma apex shape: acute/not acute 

58. lower lemma nerves: producing slit-like interspaces/not producing slit-like interspaces 

59. "lower lemma intercostal indumentum type: scabrous/not scabrous 

60. "lower lemma intercostal indumentum type: strigose/not strigose 

61. "lower lemma intercostal indumentum in upper third: present/not present 

62. "lower lemma intercostal indumentum in lower two thirds: present/not present 

63. "lower lemma vein indumentum: scabrous/not scabrous 

64. "lower lemma vein indumentum: strigose/not strigose 

65. "lower lemma mid vein indumentum in upper third: present/not present 

66. "lower lemma mid vein indumentum in lower two thirds: present/not present 

67. "lower lemma lateral vein indumentum in upper third: present/not present 

68. "lower lemma lateral vein indumentum in lower two thirds: present/not present 

69. lower lemma number of nerves 

70. upper lemma colour at maturity: brown/not brown 

71. upper lemma texture: cartilaginous/not cartilaginous 

72. upper lemma texture: indurate/not indurate 

73. upper lemma surface ornamentation: smooth/not smooth 

74. upper lemma surface ornamentation: minutely muricate/not minutely muricate 

75. upper lemma surface ornamentation distribution: regular/not regular 

76. upper lemma margins recurved: thinner than body/not thinner than body 

77. upper lemma apex: shortly beaked/not shortly beaked 

78. upper lemma with a membranous point: yes/no 

79. upper floret shorter than lower floret: yes/no 

80. upper lemma length (mm) 

81. upper palea with a prominent keel: yes/no 

82. lodicule length (pm) 
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Here, W. proluta and W. pungens are more similar to each other than to other members 
of Walwhalleya and Homopholis, whereas Wills et al. (2000) found W. pungens and 
W. subxerophylla to be more similar. Also, in the present study H. belsonii appears 
more similar to W. subxerophylla and W. sp. Flinders Ranges than to W. proluta and 
W. pungens by contrast to Wills et al. (2000). Based on exploratory analyses where we 
have removed some OTUs/characters (not presented), the differences between our 
present and previous findings largely result from the inclusion here of Walwhalleya 
sp. Flinders Ranges and the expanded use of characters capturing features of the 
indumentum on the glumes and lemmas. Lower stress values obtained here, despite an 
increase in number of attributes, lends confidence to our main findings. 

Nevertheless, neither pattern of similarity is unreasonable based on current knowledge 
of the geographic distributions of the species of Walwhalleya (see Australia’s Virtual 
Flerbarium, www.ersa.edu.au/avh/), and we do not interpret these phenetic results 
as an estimation of phylogeny. Rather, we will collaborate with others on molecular 
phylogenetics to test and extend the earlier (Wills et al 2000) non-molecular phylogeny 
of the group. New collections of Walwhalleya sp. Flinders Ranges will be useful towards 
this purpose and in the better assessment of its rarity. So, we encourage a search for this 
new and rare member of the South Australian flora. 


Conclusions 

There is clear evidence from morphology and phenetic analysis confirming intuitive 
assessment of the recognition of a fourth species of Walwhalleya: W. sp. Flinders 
Ranges, which we formally name below. Given the widespread and thorough wetting 


-1 .2 3 3 



Fig. 2. 3D-ordination of semi-strong hybrid multidimensional scaling for OTUs of Homopholis 
and Walwhalleya. Stress = 0.0607. From top left hand, clockwise: Homopholis belsonii , 
Walwhalleya subxerophylla, Walwhalleya sp. Flinders Ranges, W. proluta, W. pungens. 
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Fig. 3. Spikelets of the study group species, a, Homopholis belsonii ( R.Tremont 3, NE)- 
b, Walwhalleya proluta (AD 97507128); c, W. pungens ( K.E.Wills 69b, NE); d, W. subxerophylla 
(NE 8579); e,f, W. sp. Flinders Ranges (AD 97215110). Scale bar: a-f = 1 mm. 
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Table 3. PCC values with correlation of attributes with ordination space of 70% or 
more, for SSH MDS ordination of Walwhalleya and Homopholis ; see Fig. 2. 

* = characters additional to those used in the analysis by Wills et al. (2000); 
see Table 1. 


No. 

Character 

X 

Y 

Z 

r-squared 

23 

lower glume shape: elliptic/not elliptic 

-0.776 

0.63 

0.007 

0.92 

44 

*upper glume intercostal indumentum: strigose/not 
strigose 

0.776 

-0.63 

-0.007 

0.92 

67 

‘lower lemma lateral vein indumentum in upper third: 
present/not present 

0.776 

-0.63 

-0.007 

0.92 

63 

‘lower lemma vein indumentum: scabrous/not scabrous 

0.84 

-0.534 

0.093 

0.88 

65 

‘lower lemma mid vein indumentum in upper third: 
present/not present 

0.84 

-0.534 

0.093 

0.88 

6 

leaf blade adaxial surface: hairy/not hairy 

-0.075 

0.928 

-0.365 

0.85 

15 

spikelet shape: lanceolate/not lanceolate 

0.075 

-0.928 

0.365 

0.85 

22 

lower glume shape: lanceolate/not lanceolate 

0.075 

-0.928 

0.365 

0.85 

26 

lower glume apex shape: long acuminate/not long 
acuminate 

0.075 

-0.928 

0.365 

0.85 

55 

lower lemma apex shape: long acuminate/not long 
acuminate 

0.075 

-0.928 

0.365 

0.85 

75 

upper lemma surface ornamentation distribution: 
regular/not regular 

-0.075 

0.928 

-0.365 

0.85 

60 

‘lower lemma intercostal indumentum type: strigose/ 
not strigose 

0.708 

-0.671 

0.219 

0.84 

56 

lower lemma apex shape: acuminate/not acuminate 

-0.747 

0.64 

-0.18 

0.80 

9 

primary inflorescence branches degree of secondary 
branching: many/not 

-0.981 

0.039 

-0.192 

0.80 

47 

‘upper glume vein indumentum: scabrous/ 
not scabrous 

0.98 

-0.199 

-0.013 

0.80 

49 

‘upper glume mid vein indumentum in upper third: 
presents/not present 

0.98 

-0.199 

-0.013 

0.80 

51 

‘upper glume lateral vein indumentum in upper third: 
present/not present 

0.98 

-0.199 

-0.013 

0.80 

5 

leaf tip: pungent/not pungent 

-0.755 

0.637 

-0.157 

0.78 

19 

lower glume length (mm) 

-0.083 

-0.725 

0.684 

0.75 

46 

‘upper glume intercostal indumentum in lower two 
thirds: present/not present 

0.998 

-0.014 

0.067 

0.75 

45 

‘upper glume intercostal indumentum in upper third: 
present/not present 

0.608 

0.792 

-0.061 

0.73 

24 

lower glume number of nerves 

-0.054 

-0.69 

0.722 

0.72 

38 

upper glume length (mm) 

-0.227 

-0.718 

0.658 

0.71 

61 

‘lower lemma intercostal indumentum in upper third: 
present/not present 

0.579 

0.805 

-0.129 

0.69 

74 

upper lemma surface ornamentation: minutely muricate/-0.015 
not minutely muricate 

0.959 

-0.283 

0.69 

16 

spikelet length (mm) 

-0.196 

-0.691 

0.696 

0.69 
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of much of inland Australia in 2010 and the consequent fabulous growth of grasses and 
other herbs, we encourage collection of high quality specimens (and data) of grasses 
from these areas to aid the assessment of their distribution and to maximise the chance 
of discovery of new species of Poaceae. 

Taxonomy 

Walwhalleya jacobsiana R.D.B.Whalley & J.J.Bruhl, sp. nov. 

W. snbxerophila (Domin) K.E.Wills & J.J.Bruhl affinis, sed gluma supera et lemmate 
infero strigosa inter nervos differt. 

Type: South Australia. Flinders Rangejs], north, Oraparinna National Park, Hans 
Heysen Range, c. 18 km west-north-west of Oraparinna homestead. 17 Sep. 1971, 
E.N.S. Jackson 1880-, holo: AD; iso: BRI, CANB, K, MEL, MO, NE, NSW, PERTH, PRE, 
SI, US. Fig. 4. 

Plants hermaphrodite; perennial; non-rhizomatous; cataphylls absent. Flowering culms 
erect; clumped; 10-20 cm tall; mostly sparingly branched; inflorescences terminal, 
solitary; 4-8 noded. Flowering culm nodes glabrous. Mid-culm internodes hollow; 
glabrous; shorter than the associated leaf sheaths. Auricles absent. Mid-culm leaves not 
distinctly distichous. Mid-culm sheaths rounded at the back; glabrous; sheath margins 
non-ciliate; sheath nerves smooth. Ligule a membrane; 1.5-2.8 mm long; erose, or 
entire; apically rounded to truncate. Collar glabrous. Mid-culm leaf blades involute; 
4-10 x 1.6-2.5 mm; linear; adaxially hairy, scabrous; not noticeably thickened and 
spongy; tapering to a narrow apex (sharp, spine-like); non-ciliate basally; with scabrous 
margins; without tubercle-based hairs. 

Inflorescence a panicle usually fully exserted at maturity (apparent in R.Callen s.n. 8 
Oct. 1969, AD). Main inflorescence axis present; 40-80 mm long; scabrous. Primary 
inflorescence branches initially appressed, spreading with maturity; whorled at the 
lowermost inflorescence node; with few secondary branches; axils hairy; (15-)30-50 
x 0.2-0.5 mm; distinctly grooved or angled; not winged; smooth on the faces; lacking 
papilla-based setae; scabrous on the angles. Spikelet-bearing branches not basally adnate 
to the rachis; terminating in a spikelet. Spikelets initially appressed to the branches, 
later ascending; arranged singly on the branches; not secund. Bristles absent. Pedicels 
present; 15-50 mm long; distinctly angled; scabrous; flexuose or straight. Pedicel apices 
glabrous; concave, cupuliform. Disarticulation at the base of the spikelet. Callus not 
differentiated. Spikelets not overlapping; solitary; 1-3 on a typical lowermost branch; 
not embedded in the rachis; not diverging from the axis. 

Spikelets dorsiventrally compressed; ellipsoid; 2.5-2.9 x 1.1-1.3 mm. First glume 
present; 1.7-2.1 mm long (c. 0.6-0.7 x spikelet length); ovate; encircling the spikelet 
base; not inflated at the base; 5-7-nerved; membranous; veins scabrous in the upper 
third; acute to acuminate; rachilla pronounced between the first and second glume. 
Second glume 22-2.6 mm long; elliptic; 7-9-nerved; rounded on the back; chartaceous; 
margins neither noticeably flared nor hyaline, non-ciliate; with both intercostal and vein 
indumentum, intercostae strigose.vein indumentum both scabrous and strigose; acute, 
muticous; c. 1 x the length of the lower lemma. Lower floret neuter. Lower lemma elliptic- 
lacking distinct transverse nerves; not keeled; chartaceous; lacking a hyaline area at the 
base; internerve spaces equal; 7-9-nerved, nerves not anastomosing apically, without 
slit-like interspacing, pronounced; margins non-ciliate, thin; intercostal indumentum 


100 mm 
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Fig. 4. Image of holotype of Wcilwhalleya jacobsiana (AD 97215110). Inflorescences at various 
stages towards maturity. 
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strigose, vein indumentum both scabrous and strigose; acute, muticous. Palea of lower 
floret absent or minute. Rachilla not well developed between the lower and upper floret. 
Upper floret perfect; shorter than the lower floret. Upper lemma 1.7-2.1 mm long; 
indurate; very finely muricate; elliptic; rounded on the back; obscurely nerved; margins 
recurved and not noticeably thinner than the body (at maturity); glabrous; base 
without special modifications; the apex not differentiated into a membranous green 
point; lacking an apical crest; recurved apically; acuminate; apiculate. Palea of upper 
floret indurate; very finely muricate; with the base neither swollen nor protruding; with 
obscure nerves; enclosed at its apex by the lemma. Lodicules well developed; plicate; 
8.5-11 pm long. Anthers 3. Styles basally free. Rachilla not prolonged beyond the upper 
floret. Differentiated cleistogamous spikelets absent. 

Ahaxial epidermis of leaf blade: costal/intcrcoslal zonation conspicuous; veins scabrid. 
Epidermis with differentiated long and short cells. Long cells similar in shape and 
wall thickness costally and intercostally. Microhairs present, 25-50 x 5-8.8 pm at the 
septum; confined to the non-stomatal files; adjacent to the costal zone and in the 
middle of the costal zone; panicoid-type; elongated; clearly two-celled; inflated and 
rounded; having both cells more or less the same shape. Distal cells blunt. Basal cell 
base neither constricted nor expanded; parallel-sided. Microhair apical cells 12.5-27.5 
pm long. Microhair ratio of apical cell to total length 0.3-0.62. Microhair ratio of width 
at septum to total length 0.14-0.3. Stomata common; 30.0-32.5 pm long. 

Photosynthctic pathway: C ( inferred from a ‘maximum cells distant count’ of >1 (see 
Hattersley and Watson 1975) 

Distribution and habitat: known only from the Flinders Ranges: Heysen Range 
of Flinders Ranges National Park, Oraparinna Section and Gammon Range of 
Vulkathunha-Gammon Ranges National Park. No direct habitat information is 
available, but the species grows in a semi-arid region and is recorded from a hillside 
making it likely that it occurs in open woodlands and/or herbfields. 

Only other specimen known: South Australia: northern Flinders Range[s], north side 
of Gammon Range, R. Callen s.n„ 8 Oct. 1969 (AD97021093). 

Phenology: flowers: Sep-Oct; fruits: Sep-Oct. 

Conservation status: Walwhalleya jacobsiana is known only from two gatherings, 
one each from Heysen Range and Gammon Ranges in the Flinders Ranges, separated 
by c. 50 km. Given the lack of data, the species should be considered ‘data deficient’ 
(DD) according to IUCN 2001 criteria (www.iucnredlist.org/technical-docurnents/ 
categories-and-criteria/2001-categories-criteria), which is also used by South 
Australia’s Department of Environment and Heritage to assess rare and threatened 
species (National Parks and Wildlife Council 2003). Nevertheless, based on number 
of collections in this reasonably well botanised area, the species is likely rare. Priority 
should be given to relind the species and commence assessment of its conservation 
status. Good rains in 2010 provide a timely opportunity to commence this search. 
The species is conserved in Flinders Ranges National Park, Oraparinna Section and 
Vulkathunha-Gammon Ranges National Park. 

Etymology: we have named this species in honour of Herbarium NSW agrostologist 
Surrey Jacobs, who has been over decades an inspiration to workers in native grasses 
and a friend and colleague of us both. 
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Key to Species of Walwhalleya 

1 Spikelets < 2.9 mm long; lower lemma scabrous or strigose between nerves; fertile lemma 
subequal to lower lemma.2 

1* Spikelets > 3 mm long; lower lemma glabrous between nerves; fertile lemma shorter than 
lower lemma.3 

2 Upper glume and lower lemma with strigose hairs between nerves, lower lemma 

nerves without spicules . W. jacobsiana 

2* Upper glume and lower lemma without strigose hairs between nerves, lower lemma 
nerves with spicules. VK subxerophila 

3 Mid-culm leaf blades flat; upper glume glabrous, acuminate . W. proluta 

3* Mid-culm leaf blades involute; upper glume scabrous, acute. W. pungens 
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Appendix 1. 

Data set for phenetic analysis of Homopholis and Walwhalleya. See Table 1 for 
characters relating to the numbers in header row. Empty cells are missing data. See 
table 1 for vouchers. 


OTU 

1 

2 

3 

4 5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

HB1 

1 


1.4 

2.7 0 

0 

0.5 

1 

0 

0 

1 

0 

0 

2.5 

1 

5.2 

0.9 

5.7 

4.9 

HB2 

1 

0 

1.4 

2.2 0 

0 

1 

0 

0 



0 

0 

1.5 

1 

5.5 

0.9 

6.2 

5.4 

HB3 

1 

0 

1.3 

2.3 0 

0 

0.5 

1 

0 

0 

1 

0 

0 

2.7 

1 

4.9 

1.0 

5.1 

4.7 

HB4 

1 

0 

1.1 

2.2 0 

0 

0.5 

1 

0 

0 

1 

0 

0 

1.3 

1 

4.6 

0.9 

5.3 

4.5 

HB5 

1 

0 

2.0 

2.8 0 

0 

0.5 

1 

0 

0 

1 

0 

0 

2.0 

1 

5.1 

1.1 

4.6 

4.8 

HB6 

1 

0 

1.3 

2.0 0 

0 

1 

1 

0 

0 

1 

0 

0 

2.0 

1 

5.7 

1.0 

5.7 

5.7 

WPR1 

0 

0 

2.5 

2.7 1 

1 

0 

0 

1 

1 

1 


0.5 

7.6 

0 

3.3 

1.1 

2.9 

2.5 

WPR10 

0 

0 

2.6 

4.0 1 

1 

0 

0 

1 

1 

1 

0 

0.5 

15.0 

0 

3.7 

1.3 

2.8 

3.0 

WPR11 

0 

0 

3.0 

3.3 1 

1 

0 

1 

1 

1 

1 

0 

0.5 

5.8 

0 

3.5 

1.3 

2.7 

2.3 

WPR12 

0 

0 

2.3 

4.1 1 

1 

0.5 

1 

1 

0 

1 


0.5 

15.3 

0 

3.4 

1.1 

3.0 

2.3 

WPR13 

0 

0 

1.7 

3.6 1 

1 

0 

1 

1 

0 

1 

0 

0.5 

6.0 

0 

3.0 

1.1 

2.8 

2.2 

WPR14 

0 

0 

2.8 

4.1 1 

1 

0 

0 

1 

0 

1 

0 

0.5 

17.0 

0 

3.2 

1.2 

2.7 

2.4 

WPR15 

0 

0 

2.4 

3.1 1 

1 

0.5 

1 

1 

0 

1 

0 

0.5 

11.8 

0 

2.3 

0.8 

2.7 

1.6 

WPR16 

0 

0 

2.6 

5.2 1 

1 

0 

0 

1 

0 

1 

0 

0.5 

18.0 

0 

3.5 

1.1 

3.2 

2.7 

WPR17 

0 

0 

2.5 

4.2 1 

1 

0 

0 

1 

0 

1 

0 

0.5 

63.0 

0 

3.2 

1.0 

3.2 

2.1 

WPR18 

0 

0 

2.3 

3.9 1 

1 

0.5 

1 

1 

0 

1 

0 

0.5 

16.5 

0 

3.5 

1.1 

3.1 

2.3 

WPR2 

0 

0 

2.0 

4.1 1 

1 

0 

1 

1 

1 

1 

0 

0.5 

15.2 

0 

3.4 

1.1 

3.0 

2.2 

WPR3 

0 

0 

3.2 

3.0 1 

1 

0.5 

1 

1 

1 

1 

0 

0.5 

4.4 

0 

3.2 

1.2 

2.7 

2.1 

WPR4 

0 

0 

4.0 

3.8 1 

1 

0.5 

1 

1 

1 

1 


0.5 

12.3 

0 

3.9 

1.3 

3.3 

3.4 

WPR5 

0 

0 

2.5 

3.0 1 

1 

0.5 

1 

1 

1 

1 

0 

0.5 

8.0 

0 

3.5 

1.1 

3.2 

2.9 

WPR6 

0 

0 

2.3 

3.1 1 

1 

1 

1 

1 

1 

1 

0 

0.5 

7.0 

0 

3.5 

1.2 

2.8 

2.5 

WPR7 

0 

0 

4.1 

3.0 1 

1 

0 

1 

1 

0 

1 


0.5 

6.6 

0 

3.4 

1.1 

3.1 

2.7 

WPR8 

0 

0 

2.7 

2.2 1 

1 

1 

1 

0 

0 

1 

1 

0.5 

2.4 

0 

2.7 

1.3 

2.1 

1.7 

WPR9 

0 

0 

1.6 

1.8 1 

1 

0 

0 

0 

1 

0 

0 

0.5 

3.3 

0 

2.9 

1.2 

2.5 

2.0 
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Abstract 

The differential occurrence of fusoid cells in sun compared to shade leaves of three species 
of bamboo (Poaceae: bambusoideae) was examined through leaf morphology and anatomy. 
Leaves grown in sun were consistently smaller and thicker and lacked fusoid cells, whereas leaves 
grown in shade were consistently larger, thinner, and had fusoid cells. These differences were also 
found between exterior and interior leaves within one individual of one of these three species. 
An infusion experiment using a fourth species indicated that light transmission increased 
dramatically as fusoid cells (or the spaces formed by their collapse) absorbed mineral oil. We 
propose that fusoid cells are a mechanism to trap and redistribute light more efficiently in shade 
leaves of bamboo and early-diverging grasses. This is the first report of leaf anatomical sun¬ 
shade variation in bamboo leaves, but we emphasize the preliminary nature of our observations 
and the need for further study. 


Introduction 

That sun and shade leaves differ in a general suite of characteristics is well documented; 
only representative references arc cited here as this is not intended to be an exhaustive 
review. Leaves grown in direct sunlight arc usually smaller and thicker with closer 
vein spacing compared to shaded leaves that are larger and thinner with more widely 
separated veins (c.g., Wylie 1949, 1951, Esau 1977, Cui ct al. 1991, Ashton & Berlyn 
1994, Yano & Terashima 2004, Terashima et al. 2006). Epidermal layers, especially the 
adaxial epidermis, are thicker in sun leaves than in shade leaves. Photosynthetic and light 
absorption characteristics, including mcsophyll surface area, chloroplast distribution, 
resistance to C0 2 diffusion within the mesophyll, and rate of photosynthesis among 
others, also differ between sun and shade leaves (e.g., Nobel 1976, Boardman 1977, 
Lee et al. 1990, DeLucia et al. 1996, Terashima et al. 2001, Yano & Terashima 2004, 
Terashima ct al. 2006). 

Sun-shade leaf variation has been documented in a wide range of plant taxa 
primarily angiosperms (e.g., references cited above, mainly for woody dicots) but 
also gymnosperms (e.g., Korstian 1925, Tucker & Emmingham 1977) and even 
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pteridosperm fossils (Barbacka & van Konijnenburg-van Cittert 1998). Reports of sun¬ 
shade leaf variation within the grasses (Poaceae) confirm the same basic anatomical 
and physiological adaptations found in dicots (e.g., Slade 1970, Knapp & Gilliam 
1985). Sun-shade differences within the canopy of a single individual have also been 
documented (Wylie 1949). 

Hsiao et al. (1996) reported significant genetic differentiation between sun and shade 
subpopulations of Yushania niitakayatnensis (Yushan cane, a temperate woody bamboo) 
in Taiwan. They also noted a difference in height between the sun and shade plants of 
this species, with sun plants generally reaching 1 m tall and shade plants growing up to 
5 m tall, and cited Chen (1992) for additional information on variation in growth form 
in this species. This is the only report of sun-shade variation in bamboos that we found. 

Among grasses, bamboos (Bambusoideae), the three early-diverging lineages 
(Anomochlooideae, Pharoideae, and Puelioideae), and Streptogyna P. Beauv. ( incertae 
sedis) possess a characteristic leaf blade anatomy featuring in the mcsophyll large, 
cigar-shaped, thin-walled, apparently empty cells known as fusoid cells and lobed 
or invaginated chlorenchyma cells known as arm cells (Brandis 1907, Page 1947, 
Soderstrom et al. 1987, Judziewicz et al. 1999, Grass Phylogeny Working Group 2001). 
As seen in cross section, the long axis of the fusoid cells is parallel to the epidermal 
layers, and typically a fusoid cell extends more or less perpendicularly from each side 
of a bundle (abutting the bundle sheath directly) into the middle of the mcsophyll 
(Judziewicz et al. 1999, figs 14 & 15). Normally one layer of chlorenchyma cells is 
abaxial and one to three layers are adaxial to the fusoid cells (Page 1947, Judziewicz 
et al. 1999). As seen in leaf clearings, the fusoid cells are tightly packed in continuous 
longitudinal rows interrupted only by commissural veins (Judziewicz et al. 1999, fig. 
16). The fusoid cells can occupy up to approximately 30% of the leaf blade volume 
(Clark 1991). Both Brandis (1907) and Page (1947) noted that the fusoid cells often 
(but not in all taxa) collapse, leaving large intercellular spaces. 

Some taxa within Bambusoideae, however, are reported to lack fusoid cells. Among 
American woody bamboos, these include Apoclada McClure and Filgueirasia Guala 
(Guala 1995, 2003) and a few species of Chusquea Kunth (Clark 1986). The temperate 
woody genus Phyllostachys Sieb. & Zucc. is described as usually lacking fusoid cells 
(Watson ik Dallwitz 1992 and onwards). Within Olyreae (herbaceous bamboos), 
Ekmatwchloa A. Ilitchc. and Mniochloa pulchella (Griseb.) Chase (Zuloaga et al. 
1993), at least some species of Raddiella Swallen (Calderon & Soderstrom 1967) and 
Parodiolyra ramosissima (Trim) Soders. & Zuloaga (Soderstrom & Ellis 1987) lack 
fusoid cells. At least some of these taxa occur in more open habitats (e.g., high altitude 
grassland species of Chusquea) but their lack of fusoid cells has never been investigated 
in terms of correlation with habitat. 

Although fusoid cells arc a prominent feature of the leaves of bamboo and early- 
diverging grasses, the possible function(s) of these cells remains unknown. Clark 
(1991) proposed that fusoid cells serve as reservoirs for CO, from photorespiration. 
We have not found any other hypotheses as to the function of fusoid cells to date. 

Preliminary observations of two species of woody bamboos, Yushania niitakayatnensis 
and Chusquea culeou, which occur in both shaded forest understorcys and adjacent 
clearings and grasslands (Lin 1978, Chen 1989, Pearson et al. 1994), revealed 
morphological and anatomical variation between sun and shade leaves, especially 
with respect to the presence or absence of fusoid cells. In our studies, we also included 
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Phyllostachys aurea (an Asian bamboo now widely cultivated) because of its putative 
lack of fusoid cells, and Bambusa longispiculata (another Asian bamboo often found in 
cultivation) because of its relatively large fusoid cells. We report our observations on 
sun-shade variation in bamboo leaves, with particular reference to the occurrence of 
fusoid cells, and propose a possible function for fusoid cells. 


Materials and Methods 

Plant Material. Yushania niitakayamensis and Chusquea culeou were collected in their 
natural habitats by March in Asia and by Clark in South America, respectively, as part 
of independent field work for systematic studies of each genus. Phyllostachys aurea 
and Bambusa longispiculata were cultivated in the R.W. Pohl Conservatory, Iowa State 
University (U.S.A.). 

The following vouchers were used in this study: 

Bambusa longispiculata Gamble ex Brandis. UNITED STATES. Iowa: Story Co., R.W. 
Pohl Conservatory, Besscy Hall, campus of Iowa State University, March 37 (ISC). 
Chusquea culeou E. Desv. CHILE. Malleco: Parque Nacional Nahuelbuta, next to the 
Centro dc Administracion, 1120 m, 10 Jan 1992 , Clarketal. 974 { sun) (CONC, ISC, MO, 
SGO, US, VALD); Malleco: Parque Nacional Nahuelbuta, between the main bifurcation 
and the turnoff to El Aguila, 1210 m, 10 Jan 1992, Clark et al. 976 (shade) (CONC, ISC, 
MO, SGO, US, VALD). Phyllostachys aurea Carriere ex Riv. & C. Riv. UNITED STATES. 
Iowa: Story Co., R.W. Pohl Conservatory, Bessey Hall, campus of Iowa State University, 
March 36 (sun and shade) (ISC). Yushania niitakayamensis (Hayata) Keng f. TAIWAN. 
Ilan: path to Nan Hu Ta Shan, timber cutting road #810, c. 2 km E of highway, 2005 
m, 26 Jun 1998, March 25 (shade) (A, ISC, K, MO, US); Nantou: c. 3 km N of Ho 
Huan Shan, 2845 m, 26 Jun 1998, March 27 (sun) (A, ISC, K, MO, US); Taoyuan: 
Lala Shan Forest Reserve, on saddle between Lala Shan and Taman Shan, toward Lala 
Shan 100 m N of fork in path to Taman Shan, 1860 m, 30 Jun 1998, March 29 (shade) 
(A, ISC, K, KUN, MO, US); Kaohsiung: c. 30 m above spring for Ycnfcng Shelter on SE 
shoulder of Yu Shan, 3650 m, 5 Jul 1998, March 30 (sun) (A, ISC, K, KUN, MO, TAIF, 
US); Kaohsiung: c. 20 m NNW of Ycnfcng Shelter on saddle between Yu Shan and, 
South Yu Shan Peaks, 3710 m, 6 Jul 1998, March 31 (sun) (A, ISC, K, MO, US); Chiayi: 
on trail from Tataka to Pai Yun Shan Station, 7 km from Tataka, 1.5 km from Pai Yun 
Shan, 3200 m, 6 Jul 1998, March 32 (shade) (A, ISC, K, MO, US); Chiayi: on trail from 
Tataka to Pai Yun Shan Station, c. 1.5 km from Tataka, where trail crosses 2790 m, just 
above first set of switchbacks, 2790 m, 6 Jul 1998, March 33 (sun) (A, ISC, K, MO, US); 
Taichung: Anma Shan, just off approach road, 2850 m, 14 Jul 1998, March 34 (sun) 
(A, ISC, K, MO, US); Taichung: Anma Shan, near summit, 2944 m, 14 Jul 1998, March 
35 (sun) (A, ISC, K,MO, US). 

Paraffin Sections. Paraffin-embedded sections were prepared from foliage leaf blades 
taken from herbarium specimens (Y. niitakaymensis and C. culeou ) or from fresh 
leaves fixed directly in FAA (P. aurea). Whole leaf blades from herbarium specimens 
were soaked in Pohl’s solution (Pohl 1965) for at least seven days and then fixed for 
24 hrs in FAA. Pieces approximately 1 cm 2 were taken from the mid-portions of the 
whole leaf blades and processed for embedding and sectioning. A total of 14 samples 
were prepared: two of C. culeou (one from each voucher), two of P. aurea (exterior 
and interior leaves from the same individual), and 10 of Y. niitakayamensis (two from 
March 30 and one from each of the eight other vouchers). 
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Protocols for desilicification and dehydration followed Clark (1986). Leaf pieces were 
then bulk stained for one hour in 1% safranin in 1:1 ethanokxylene, and rinsed for 
one hour each in two changes of xylene before infiltration for two days each in 2:1 
xylcne:paraffin, 1:2 xylene:paraffin, and 100% paraffin at 60° C. Samples were sectioned 
10 pm thick on a rotary microtome, mounted on glass slides and stained in safranin 
(40 min) and fast green (4 min) using standard procedures (Sass 1958, Berlyn &. Mikshe 
1976). 

Hand Sections. Hand sections were prepared from cither fresh leaf material or leaves 
from herbarium specimens softened for a few minutes in Pohl’s solution (Pohl 1965). 
Sections were cut using a single-edged razor blade and immediately mounted and 
stained in a solution of lactophenol and aniline blue (Sass 1958). A few leaves per 
voucher were checked for consistency of fusoid cell development using this method. 

Leaf Infusion. A leaf infusion process (Woolley 1971) involving mineral oil, which 
has a refractive index close to that of plant cell walls, was performed on fresh leaves 
of Bcunhusa longispiculata to determine the effect of fusoid cells on the transmission 
of light. For the infusion, whole fresh foliage leaf blades were coated with mineral oil, 
placed adaxial side down on microscope slides, and observed from the abaxial side under 
low magnification with a compound microscope at regular intervals (approximately 
every 20 minutes) for several hours. 


Results 

Morphology. Sun-grown plants of both Y. niitakayamensis and C. culeou had shorter 
culms and smaller but relatively wider, lanceolate, foliage leaf blades compared with 
shade-grown plants (Fig. 1, Table 1). Likewise, foliage leaf blades of P. aurea grown 
in full sun were smaller, relatively wider and more lanceolate than those grown in the 
shade. 


Table 1. Comparison of sun and shade morphology in Y. niitakayamensis, C. culeou 
and P. aurea. 



Plant 

Height 

(m) 

Leaf Shape 

Mean 

Leaf 

Length 

(mm) 

(n = 10) 

Mean 

Leaf 

Width 

(mm) 

(n = 10) 

Mean 

Leaf 
Length: 
Width 
(n = 10) 

Yushania niitakayamensis 






Sun 

<0.8 

lanceolate 

33 

4.0 

8.1 

Shade 

1-6 

linear 

104 

7.2 

14.3 

Chusquea culeou 






Sun 

1-1.5 

lanceolate 

38 

3.9 

9.8 

Shade 

2-3 

linear 

80 

5.6 

14.3 

Phyllostachys aurea 






Sun 

... 

lanceolate 

68 

16 

4.2 

Shade 

... 

lanceolate and 
linear 

107 

17 

6.1 
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Fig. 1. Leaf silhouettes of Yushania niitakayamensis shade (A), sun (B); Chusquea culeou shade 
(C), sun (D); and Phyllostachys aurea shade (E), sun (F). 
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Figs 2-7. Leaf cross sections showing anatomical differences between shade and sun 
leaves of Yushania niitakayamensis (Figs 2 & 3), Chusquea culeou (Figs 4 & 5) and 
Phyllostachys aurea (Figs 6 & 7) respectively. 
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Leaf Anatomy. Fusoicl cells were present in the leaf blades of Y. niitakayamensis and 
C. culeou collected from shaded environments and from the lower, shaded leaves of the 
greenhouse-grown P. aurea plant (Figs 2,4,6; Table 2). In C. culeou, pairs of fusoid cells 
developed adjacent to every vein, while in Y. niitakayamensis and P. aurea the fusoid 
cells tended not to develop in the region nearest the margins. Between the marginal 
region where fusoid cells did not develop and the mid-leaf region where every fusoid 
cell developed, fusoid cells were usually cither completely developed or completely 
undeveloped in a mosaic pattern, decreasing in occurrence rather than in size towards 
the margin. We could not determine from our preparations whether the fusoid cells 
died and remained intact or whether they uniformly collapsed to form spaces of the 
same size and shape as mature fusoid cells. Rarely, cells of the same size and in the same 
position as fusoid cells were observed, but these cells contained chloroplasts and had 
invaginated walls like the other mesophyll cells (Figs 8 & 9). 



Figs 8 & 9. Cross sections of shade-grown leaves showing a large mesophyll cell in the position 
of a fusoid cell. Fig. 8. Yushania niitakayamensis. Fig. 9. Phyllostachys aurea. F = fusoid r P ll- 
LM = large mesophyll cell. 
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Fusoid cells were absent from the leaves of Y. niitakayamensis and C. culeou collected 
from fully sunlit sites and from the upper, exposed leaves of the P. aurea plant 
(Figs 3,5, 7). No unusually large mesophyll cells were present in the positions of fusoid 
cells in these leaves. Arm cells in the adaxial-most layer remained asymmetrical but 
less strongly invaginaled than when fusoid cells were present; the remaining mesophyll 
cells were symmetrically lobed (rosette cells or plicate mesophyll). 

The average thickness of foliage leaf blades from plants of Y. niitakayamensis and 
C. culeou grown under sunny conditions were 62 and 79% greater, respectively, than 
those grown under shaded conditions (Table 2). Sun-exposed leaves of P. aurea 
were 30% thicker than shaded leaves from the same plant. Corresponding with this 
increased thickness was an increase from three to four or five layers of mesophyll cells. 
There were also increases in the thickness of the cuticle and both epidermal layers, most 
dramatically demonstrated in C. culeou (Figs 4 & 5). 

The average distance between minor leaf veins was reduced in sun leaves compared 
with shade leaves of the same species: 8, 12 and 25% less for Y. niitakayamensis, P. aurea, 
and C. culeou, respectively (Table 2). Within each of the three species the number of 
major veins was more or less constant for both sun and shade leaves. However, the 
number of minor veins was consistently reduced in the sun leaves. 

Infusion experiment. Fresh leaves of Bambusa longispiculata submerged in mineral oil 
changed from dark green to a notably lighter green as the oil infused into the fusoid 
cells or the intercellular spaces formed by their collapse (Figs. 10 & 11). When these 
fusoid cells (or spaces) were punctured at one end, a bubble of gas was released as 
the cell filled with oil. Concerted with this gas release and filling of each cell was an 
obvious further increase in the transmitted light. Over a period of three hours, mineral 
oil infused into about half of the fusoid cells (or intercellular spaces). Those remaining 
filled with gas were considerably darker (Fig. 11). 


Discussion 

Differences between sun and shade leaves. Consistent differences in leaf morphology 
and anatomy were observed between sun and shade plants or leaves in Y. niitakayamensis, 
C. culeou and P. aurea. The smaller leaf size, thicker leaf blades and closer vein spacing 
found in sun leaves are consistent with findings in other taxa exhibiting sun-shade 
variation, including the strong negative correlation between mean leaf length and light 
intensity index observed by Pearson ct al. (1994) in C. culeou. 

The increased thickness of the sun leaves of Y. niitakayamensis and P. aurea occurs 
despite the loss of fusoid cells but is correlated with the occurrence of an additional one 
or two layers of mesophyll cells as well as increased thicknesses of both epidermal layers 
and the cuticle. Individual layers of mesophyll cells arc also thickened. 

Occurrence of fusoid cells. The lack of fusoid cells in the sun leaves of the three species 
we examined is a dramatic modification of leaf anatomy, making sun and shade leaves 
appear to come from different species or genera, yet leaves with and without fusoid 
cells arc even found on the same plant (P aurea). The facultative occurrence of fusoid 
cells in bamboos has not previously been reported and should be considered when 
collections or anatomical studies of bamboos are made. This ontological correlation of 
fusoid cells with shade must be accounted for in any hypothesis of fusoid cell function. 
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The large mesophyll cells the size of fusoid cells, which were found in the position of 
fusoid cells in the zone where fusoid cell development is mosaic, may be intermediates 
having received a weak or incomplete developmental signal. This suggests that fusoid 
cells are homologous to mesophyll cells rather than to bundle sheath cells. 

The pattern formed by collapsed fusoid cells is almost indistinguishable in clearings 
and cross sections from that formed by intact fusoid cells (Page 1947; P. Viana, pers. 
com.), so it is possible that collapse of fusoid cells is the usual condition at functional 
maturity of the leaf. We may in fact be observing a pattern of regular intercellular 
spaces formed by the normal collapse of the fusoid cells after they die, but the shape 
and volume of intact dead cells vs. the intercellular spaces created by their collapse 
appears to be equivalent and may well not affect the proposed functionality. 

Possible function of fusoid cells. The suggestion that fusoid cells may serve as reservoirs 
for the retention of C0 2 from photorespiration (Clark 1991) is inconsistent with the 
differential occurrence of fusoid cells in shaded environments where photorespiration 
is less intense. We therefore reject this hypothesis. 



Figs 10 & 11. bcaf of Bambusa longispiculata infused with mineral oil, viewed from the abaxial 
side. Infused fusoid cells appear lighter, while uninfused fusoid cells appear darker Fig 1() 
Infusion for 6 minutes. Fig. 11. Infusion for 3 hours. AC = arm cells; F = fusoid cell- IF = ' f i 
fusoid cells; LV = leaf vein. ’ Sed 
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The difference in refractive index between air and cytoplasm subjects light entering a 
leaf to intercellular reflection, which can act to trap light within the leaf (Vogelmann 
1989, 1993). DeLucia et al. (1996) concluded that intercellular reflectance contributes 
substantially to the absorption of light and that the increased proportion of spongy 
mesophyll in shade leaves may increase absorbance. The gas-filled array of fusoid cells 
(or comparably sized and shaped intercellular spaces) in bamboos may function in a 
similar way. 


Table 2. Comparison of sun and shade leaf anatomy in Y. niitakayamensis, C. culeou, and 
P. aurea. 



Fusoid cells 

Mean Leaf Thickness 
(pm) 

(n = 10) 

Mean Vein 

Spacing (pm) 

(n = 10) 

Yushania niitakaymensis 




Sun 

absent 

97 

132 

Shade 

present 

60 

143 

Chusquea culeou 




Sun 

absent 

138 

147 

Shade 

present 

77 

197 

Phyllostachys aurea 




Sun 

absent 

119 

143 

Shade 

present 

91 

163 


The observed increase in light transmission as fusoid cells (or intercellular spaces) were 
infiltrated with mineral oil was substantial (Figs 10 Sc 11), and indicates increased light 
absorbance in the native gas-filled state. Although not quantified, this observation is 
consistent with and lends support to the hypothesis that fusoid cells (or spaces formed 
by their collapse) contribute to light absorption through a mechanism of intra- or 
intercellular reflectance. This hypothesis is also supported by the ontological and 
phylogenetic correlations between fusoid cell occurrence and shade; under shaded 
conditions where photosynthesis is light-limited, enhanced light absorbance would be 
advantageous, but under sunny conditions where light is saturating or nearly saturating, 
enhanced absorbance would be less advantageous or even damaging. 

Conclusions. Although this is a preliminary study, the results strongly suggest that 
fusoid cells function to trap and redistribute light in shade grown leaves of bamboos 
and, by extension, early-diverging grasses. Developmental studies of fusoid cells are 
needed to test the proposed homology of fusoid cells to mesophyll cells and also to test 
whether fusoid cells arc indeed empty and dead at maturity and whether their collapse 
is routine or an artifact of processing. Field studies focused on the functional ecology 
of sun-shade variation in bamboos would also be of interest. 



























Sun-shade leaves in bamboos 


Telopea 13(1-2): 2011 


103 


Acknowledgments 

Support (or field work by RM in Taiwan was provided by the American Bamboo Society, 
the Pacific Northwest Chapter of the American Bamboo Society, and the Richard and 
Marjorie Pohl Fund (Iowa State University). Support for field work by LC in Chile was 
provided by a National Geographic Society Grant to LC and Fernando Zuloaga. Funds 
for the completion of the work were provided by National Science Foundation Grant 
DEB-9806877 to LC. RM thanks Dr Chiou Wcn-Liang and the Taiwan National Forest 
Research Institute for logistical support during field work. Christopher D. Tyrrell put 
the figures in final form. We thank Dr Nels Lersten (Iowa Stale University) for helpful 
comments on the manuscript. We are especially grateful to Dr Randy Wayne (Cornell 
University) for “showing us the light” with respect to the possible function of fusoid 
cells. 


References 

Ashton PMS & Berlyn C.P (1994) A comparison of leaf physiology and anatomy of Quercus 
(Section Erythrobalanus-Fagaceae) species in different light environments. American Journal 
of Botany 81:589-597. 

Barbacka M & van Konijnenburg-van Cittert JHA (1998) Sun and shade leaves in two Jurassic 
species of pteridosperms. Review of Palaeobotany and Palynology 103:209-221. 

Berlyn GP & Miksche JP (1976) Botanical microtechnique and cytochemistry. (Iowa State 
University Press: Ames) 

Boardman NK (1977) Comparative photosynthesis of sun and shade plants. Annual Review of 
Plant Physiology 28: 355-377. 

Brandis D (1907) Remarks on the structure of bamboo leaves. Transactions of the Linnean Society 
of London, Series 2 (Botany) 7: 69-92. 

Calderon CE & Soderstrom TR (1967) Las gramineas tropicales afines a Olyra L. A/us do Sitnpdsio 
sobre a Biota Amazonica (Conselho de Pesquisas, Rio de Janeiro) 4 (Botanica): 67-76. 

Chen YP (1989) A review on the origin of Yushan cane and montane grasslands. Yushania 
6: 1-26. [In Chinese.] 

Chen YF, Lin JY 8c Wang CK (1992) Ecological research on high-mountain vegetation in Taiwan 
(II)—the variation in growth form ofYushan cane. Yushania 9: 117-143. [In Chinese.] 

Clark LG (1986) Systematics of Chusquea section Chusquea, section Swallenochloa, section 
Vcrticillatae, and section Serpentes (Poaceae: Bambusoideac). (Unpublished PhD thesis: Iowa 
State University) 

Clark LG (1991) The function of fusoid cells in bamboos: An hypothesis. American Journal of 
Botany 78 (supplement): 22. [Abstract] 

Cui M, Vogelmann TC 8< Smith WK (1991) Chlorophyll and light gradients in sun and shade 
leaves of Spinacea oleracea. Plant, Cell and Environment 14:493-500. 

DeLucia EH, Nelson K, Vogelmann TC & Smith WK (1996) Contribution of intercellular 
reflectance to photosynthesis in shade leaves. Plant, Cell and Environment 19: 159-170. 

Esau K (1977) Anatomy of seed plants, 2 nd edition. (Wiley & Sons: New York) 

Grass Phylogeny Working Group (2001) Phylogeny and subfamilial classification of the grasses 
(Poaceae). Annals of the Missouri Botanical Garden 88: 373-457. 

Guala GF (1995) A cladistic analysis and revision of the genus Apoclada (Poaceae: Bambusoideac: 
Bambusodac). Systematic Botany 20: 207-223. 

Guala GF (2003) A new bamboo genus from the cerrados of Brazil. Bamboo Science and Culture 
17: 1-3. 

Hsaio JY, Wang BS & Rieseberg LH (1996) Microgeographic variation in Yushan cane ( Yushania 
niitakayamensis ; Poaceae). Plant Species Biology 11: 207-212. 

Judziewicz EJ, Clark LG, Londono X & Stern MJ (1999) American bamboos. (Smithsonian 
Institution Press: Washington, D.C.) 


104 


Telopea 13(1-2): 2011 


March and Clark 


Knapp AK & Gilliam FS (1985) Response of Andropogon gerardii (Poaceae) to fire-induced 
high vs. low irradiance environments in tallgrass prairie: Leaf structure and photosynthetic 
pigments. American Journal of Botany 72:1668-1671. 

Korstian CF (1925) Some ecological effects of shading coniferous nursery stock. Ecology 
6:48-51. 

Lee DW, Bone RA, Tarsis SL & Storch l) (1990) Correlates of leaf optical properties in tropical 
forest sun and extreme-shade plants. American Journal of Botany 77: 370-380. 

Lin W (1978) Bambusoideae, in Flora of Taiwan, vol. 5. (Epoch Publishing Co., Ltd.: Taipei, 
Taiwan) 

Nobel PS (1976) Photosynthetic rates of sun vs. shade leaves in Elyptis etnoryi Torr. Plant 
Physiology 58:218-223. 

Page VM (1947) Leaf anatomy of Streptochaeta and the relation of this genus to the bamboos. 
Bulletin of the Torrey Botanical Club 47: 232-239. 

Pearson AK, Pearson OP 8c Gomez IA (1994) Biology of the bamboo Chusquea culeou (Poaceae: 
Bambusoideae) in southern Argentina. Vegetation 111: 93-126. 

Pohl RW (1965) Dissecting equipment and materials for the study of minute plant structures. 
Rhodora 67: 95-96. 

Sass JE (1958) Botanical microtechnique. (Iowa State University Press: Ames) 

Soderstrom TR & Ellis RP (1987) The position of bamboo genera and allies in a system of grass 
classification. Pp. 225-238 in Soderstrom TR, I Iilu KW, Campbell CS 8c Barkworth ME (eds) 
Grass Systematics and Evolution. (Smithsonian Institution Press: Washington, D.C.) 

Soderstrom TR, Ellis RP 8c Judziewicz EJ (1987) The Phareae and Strcptogyneae of Sri Lanka: A 
morphological-anatomical study. Smithsonian Contributions to Botany 65: 1-27. 

Slade BF (1970) The effect of cell elongation on leaf anatomy of Poa alpina. Botanical Gazette 
131:83-95. 

Terashima I, Miyazawa S-I 8c Hanba YT (2001) Why are sun leaves thicker than shade leaves?— 
Consideration based on analyses of CO, diffusion in the leaf. Journal of Plant Research 114: 
93-105. 

Terashima I, Hanba YT, Tazoe Y, Vyas P 8cYano S (2006) Irradiance and phenotype: comparative 
eco-development of sun and shade leaves in relation to photosynthetic C0 2 diffusion. 
Journal of Experimental Botany 57: 343-354. 

Fucker GF 8c Emmingham WH (1977) Morphological changes in leaves of residual western 
hemlock after clear and shelterwood cutting. Forest Science 23: 195-203. 

Vogclmann TC (1989) Penetration of light into plants. Photochemistry and Photobiology 50: 
895-902. 

Vogelmann TC (1993) Plant tissue optics. Annual Review of Plant Physiology and Plant Molecular 
Biology 44: 231—251. 

Watson L 8c Dallwitz M J (1992 onwards) The grass genera of the world: descriptions, illustrations, 
identification, and information retrieval; including synonyms, morphology, anatomy, 
physiology, phytochemistry, cytology, classification, pathogens, world and local distribution, 
and references. Version: 19 March 2010. http://delta-intkey.com. 

Woolley JT (1971) Reflectance and transmittance of light by leaves. Plant Physiology 47:656-662. 

Wylie RB (1949) Differences in foliar organization among leaves from four locations in the 
crown of an isolated tree (Acer platanoidcs). Proceedings of the Iowa Academy of Science 56: 
189-198. 

Wylie RB (1951) Principles of foliar organization shown by sun-shade leaves from ten species of 
deciduous dicotyledonous trees. American Journal of Botany 36: 355—361. 

Yano S 8c Terashima I (2004) Developmental process in sun and shade leaves of Chenopodium 
album L. Plant, Cell and Environment 27: 781-793. 

Zuloaga FO, Morrone O 8c Judziewicz EJ (1993) Endemic herbaceous bamboo genera of Cuba. 
Annals of the Missouri Botanical Garden 80: 846-861. 

Manuscript received 20 March 2010, accepted 11 October 2010 


Telopea 13(1-2) 105-114 


A report of hybridisation in Hymenachne 
(Poaceae, Panicoideae) with description of 
Hymenachne x calamitosa, a new species of 
hybrid origin from tropical Australia 


John R. Clarkson 1 , Mirko Karan 2 and Darren S. Evans 2 


'Department of Environment and Resource Management, PO Box 156, 
Mareeba, Qld 4880, Australia, 

department of Employment, Economic Development and Innovation, PO Box 1054, 
Mareeba, Qld 4880, Australia 


Abstract 

Naturally occurring hybridisation between the introduced species Hymenachne amplexicaulis, a 
Weed of National Significance, and the Australian native species H. acutigluma is reported from 
two widely separated locations in tropical Australia. Molecular studies including RAT’D analysis 
and DNA sequencing of the ITS region of each parent species and the putative cross confirm 
initial evidence for hybridisation based on gross morphology. The legislative implications of 
this are discussed and the species of hybrid origin is described as Hymenachne X calamitosa 
J.R. Clarkson. 


Introduction 

Hymenachne P. Beauv. is a genus of perennial aquatic grasses established in 1812 
based on Agrostis monostachya Poir. (syn. H. amplexicaulis (Rudge) Nees). Confusion 
regarding the typification of the genus was resolved by Panigrahi and Dubey (1986). 
The genus lies within the large, well supported, monophyletic subfamily Panicoideae 
(Grass Phylogeny Working Group 2001). It was placed in subtribe Sctarinac by Clayton 
and Renvoize (1986), however recent phylogenetic analyses by Kellogg (2002) have 
shown that their subtribes are not monophyletic and should not be recognised. 

There is some dispute as to the number of species within the genus, however the most 
recent literature suggests there are approximately 10 (Aliscioni ct al. 2003). Species are 
found in tropical and subtropical regions of the Asiatic tropics, the Pacific Islands, and 
Central and South America (Pohl and Lerstcn 1975). Two species are known to occur 
in Australia. Hymenachne acutigluma (Sleud.) Gilliland occurs naturally in coastal and 
near coastal areas of Queensland from Sarina (latitude 21° South) to the mouth of the 
Archer River on Cape York Peninsula (latitude 13° South) and across the Top End of 
the Northern Territory from the Goromuru River in Eastern Arnhem Land (longitude 
136° East) to the Daly River (longitude 130° East). Its range extends to tropical Asia. 
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A second species of South American origin, Hymenachne amplexicaulis (Rudge) 
Nees, introduced as a pasture species, has become naturalised in parts of Queensland, 
Northern Territory and New South Wales. It is a declared weed in all Australian 
states and territories and is one of 20 species listed as Weeds of National Significance 
(Australian Weeds Committee 2009). The introduction, use and subsequent spread of 
this species in Australia have been reviewed by Wearne et al. (2010). There has been 
some confusion in the past regarding the use of the name Hymenachne amplexicaulis 
by Australian botanists. Prior to the publication of Webster’s (1987) book describing 
Australian Paniceae, the name H. amplexicaulis was applied incorrectly to the Australian 
native species (for example by White 1932 and Blake 1954) but this has subsequently 
been corrected in all the herbarium specimens seen by the authors. 

The spread of H. amplexicaulis in Australia can probably be traced to experimental 
trials and plantings on grazing properties from seed introduced in 1973 as CPI 61149 
(Broue 1973) from the International Research Institute, Tucupita, Venezuela. There is 
some doubt as to the original source of this material. It is thought to have been cither 
Haiti or the Dominican Republic (Oram 1989). No herbarium records exist prior to 
1987 suggesting material from an earlier introduction in 1934 (CPI 5820) was cither 
incorrectly identified as Ii. amplexicaulis, never released from quarantine or died out 
before it could escape trial sites (Wearne el al. 2010). Given its weedy traits, it was 
inevitable that the introduced species would spread to wetlands where the native species 
H. acutigluma occurred. This was first recorded at Abattoir Swamp near Julattcn in Far 
North Queensland. //. acutigluma forms dense stands there (J.R. Clarkson 10306, BRI 
AQ595947). A single plant of H. amplexicaulis (J.R. Clarkson 10314, BRI AQ595951) 
was located in the swamp in May 1995 apparently spread to there by waterbirds from a 
nearby planted source. This was removed when discovered, but reinfestation resulted in 
a well established population within 12 months. In 2007 JRC noticed plants in Abattoir 
Swamp which seemed intermediate in appearance to the two species present (Fig. 1). 
The gross morphology of these plants strongly suggested they might be of hybrid origin. 
The aim of this study was to provide molecular evidence to confirm this suspicion. 

Materials and Methods 

The primary material for this study was obtained from Abattoir Swamp, 4.5 km north 
of Mount Molloy. Approximately 30 mm long terminal portions of emergent stems 
including the apical bud were collected from four individuals of each parent species 
and the putative hybrid and immediately transferred to small vials containing a nucleic 
acid preserving solution RNA/afer (Ambion Inc). 

Subsequent to analyses of the Queensland material, reports of suspected hybrids were 
received from two sites in the Northern Territory (Natasha Burrows pers. comm.). 
These were located at Beatrice Creek, east of Humpty Doo on the Arnhem Highway 
and Manton Dam 52 km south east of Darwin. JRC visited both sites in May 2009. 
Plants of suspected hybrid origin were located at Beatrice Creek while plants at Manton 
Dam were clearly H. amplexicaulis and H. acutigluma. Terminal stem portions were 
collected from plants at both sites including material of H. amplexicaulis growing close 
to the putative hybrid at Beatrice Creek. Immediately following collection, samples 
were split into two subsets. One set was transferred to small vials containing silica gel 
and one to vials containing RNA/uter. These samples were presented for molecular 
analyses with coded labels which hid their field identifications. 
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Vouchers for all populations are listed in Appendix 1. These will be deposited at the 
Queensland Herbarium, Toowong. 

DNA 

A wide range of molecular technologies have been used to study interspecific 
hybridisation (Hegarty & Hiscock 2005). Two of the most commonly used methods are 
the sequence comparisons of nuclear ribosomal DNA internal transcribed spacer (ITS) 
regions (Peterson et al. 2009, Rauscher et al. 2002, Aguilar et al. 1999) and Random 
Amplified Polymorphic DNA (RAPD) assessments (Yiizba^ioglu et al. 2008, Lee et al. 
2006, Gonzalez-Rodriguez et al. 2004, Ayres et al. 1999, Arnold 1993). We adopted both 
approaches in this study to provide clarity and confidence in the results. 

DNA extraction 

Leaf tissue was disrupted with a bead beater (TissueLyser II, Qiagen) in the presence of 
buffer PL1 before column purification of DNA with NucleoSpin Plant II kit (Machery 
Nagel) as per the manufacturer’s instructions. 

Amplification and sequencing of ITS regions 

Nuclear ribosomal DNA internal transcribed spacer (ITS) regions were amplified using 
primers described in Sun et al. (1994) with PCR conditions as described by Torres 
Gonzalez and Morton (2005). The region amplified included the 5.8S and part of the 
18S and 26S rDNA. Amplified products were purified by column chromatography 



Fig. 1. Leaf blade bases of Hymenachne spp. Left to right: H. amplexicaulis (Clarkson 11787) 
H. X calamitosa (Clarkson 11789) and H. acutigluma (Clarkson 11788). 
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(Wizard SV Gel & PCR Clean Up System, Promega) and sequenced directly by an 
external service (Macrogen Inc. Korea). Amplified products were also cloned into 
pGEM-Teasy plasmid vector (Promega) as per the manufacturer’s instructions and 
sequenced (Macrogen Inc. Korea). 

DNA sequences were analysed using MacVector version 10.5 software (MacVector Inc.) 
and multiple alignments produced with the Clustal W (vl.83) module (Thompson et 
al. 1994). 

Random Amplification of Polymorphic DNA 

Primers for RAPD analyses (OPA-01, OPA-11, OPA-14, OPA-17, OPA-18, OPAS- 
10, OPB-01, OPB-07, OPB-12, OPB-13 and OPX-04) were obtained from Operon 
Biotechnologies. PCR reactions contained PCR buffer (Fermentas), 3 mM MgCl,, 
0.5 pM primer, 0.25 mM dNTPs and 1.5 U Taq polymerase (Fermentas) and 10 ng 
DNA template in a total volume of 20 pL. The PCR reaction conditions consisted of an 
initial denaturation step at 94°C for 3 min, followed by ten cycles of 94°C for 30 sec, 
60°C for 1 min (decreasing by l°C/cycle), 72°C for 90 sec, flowed by 30 cycles of 94°C 
for 30 sec, 50°C for 1 min,72°C for 90 sec and a final extension step of 72°C for 10 min. 
Amplification products were resolved using 1.5 % agarose gels, stained with ethidium 
bromide and visualised under UV light. 


Results 


ITS sequence analysis 

An 846 bp region of ribosomal DNA containing ITS1 and ITS2 regions was amplified 
from H. amplexicaulis, H. acutigluma and the putative hybrid. This DNA fragment was 
cloned and a number of individual recombinant clones sequenced for each taxon. The 
sequence alignment showed a high level of sequence similarity with 16 variable sites 
that differentiated H. amplexicaulis and H. acutigluma (Table 1). Two of the sequences 
derived from the putative hybrid were identical to H. amplexicaulis and five of the 
sequences were identical to H. acutigluma. The initial eight variable sites (positions 
199-335) are located in the ITS1 region, one variable site (position 488) is in the 5.8S 
region and the terminal seven variable sites (positions 599-681) are located in ITS2. 
Positions of ITS1 and ITS2 were inferred by sequence alignments with published 
sequences (data not shown). 

The presence of two different sequences from the putative hybrid indicates that these 
represented one copy from each parent. To test this hypothesis we amplified the 846 
bp ITS region from each plant and directly sequenced the amplification products. 
A comparison of sequence chromatograms covering three variable sites in ITS1 
(Fig. 2a) and three variable sites in ITS2 (Fig. 2b) in H. amplexicaulis and H. acutigluma 
showed no base ambiguities at these positions. The chromatograms for the putative 
hybrid show two overlapping peaks at each of the variable sites that correspond to 
H. amplexicaulis and H. acutigluma specific sequence, indicating the presence of both 
parental bases at these positions (Fig. 2). 


Table 1. Table showing ITS sequence variations between H. amplexicaulis, H. acutigluma and the putative hybrid. Sequence positions refer 
to numbering in the cloned DNA sequence alignment. Sequences identical to H. amplexicaulis are in bold font. 
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2B 


H. amplexicaulis 


H. x calamitosa 


H. acitugluma 



Fig 2. Direct PCR sequence chromatograms for ITS1 (2A) and ITS2 (2B) regions of Hymenachne 
amplexicaulis, H. acutigluma and putative hybrid showing presence of single and dual peaks 
at variable sites. Numbering refers to sequence alignment (Table 1) (sequences are in reverse 
complement orientation). 
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RAPD analysis 

DNA was extracted from samples obtained from two individuals of H. atnplexicaulis, 
two plants of the putative hybrid and three H. acutigluma plants. RAPD analysis with 
11 PCR primers produced banding patterns that were conserved within each species 
with a number of bands unique to 1I. atnplexicaulis (33 bands) and II. acutigluma 
(45 bands) (Pig. 3, Table 2). All of the DNA bands amplified from the putative hybrid 
co-occurred in either H. atnplexicaulis or H. acutigluma banding patterns. Of the 78 
DNA bands that differentiated H. atnplexicaulis and H. acutigluma, 49 were also present 
in the putative hybrid (Pig. 3, Table 2). 

Comparisons of H. atnplexicaulis and II. acutigluma isolates from the Northern 
Territory material indicated a high level of similarity of RAPD profiles when compared 
to the Far North Queensland isolates. RAPD profiles were generated with eight of 
the PCR primers used in the study of the Queensland material resulting in 20 of 24 
H. atnplexicaulis specific bands and 25 of 29 H. acutigluma specific bands detected. Of 
the eight Northern Territory samples, four were identified as //. atnplexicaulis, four as 
H. acutigluma and two of hybrid origin. The RAPD profiles for all samples agreed fully 
with the field identifications. 


Discussion 

The RAPD data clearly indicate a strong genetic relationship between the hybrid and 
the two putative parent species. The DNA banding patterns of the putative hybrid were 
made up of fragments also found in the proposed parental species, 58% of the DNA 
bands unique to H. atnplexicaulis and 67% of bands unique to I1. acutigluma were 
shared with the putative hybrid. 



Fig 3. Examples of RAPD patterns in 1.5% agarose gels showing DNA banding patterns for 
Hymenachne atnplexicaulis (o), putative hybrid (h) and II. acutigluma (n). Unique bands of 
each species parent that also occur in the hybrid are marked with arrows. 
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It is yet to be determined whether the putative hybrid is fertile. The higher number 
of bands shared with H. acutigluma may indicate backcrossing to this species or self 
fertilisation. It is also possible that this pattern is an artefact of the small data set. 
Considering the available evidence, it is not clear whether the putative hybrid has 
undergone backcrossing events. Further research on the fertility of the putative hybrid 
is required. 

Plants of hybrid origin have been identified from two widely separated localities in 
Northern Australia so hybridisation between these species may not be an unusual 
event. It is likely to occur anywhere the two species occur in close proximity for any 
length of time. Field observations suggest the hybrid will be at least as invasive under 
Australian conditions as H. amplexicaulis and should be dealt with accordingly. 

Implications for Legislation 

Although Hymenachne amplexicaulis is a declared pest plant in all Australian states and 
territories, it is not clear whether hybrids with this species as a parent are automatically 
included in these declarations. Declarations may have to be amended to specifically 
include the hybrid. There would appear to be three options: 

change the declaration in all jurisdictions to include all species of the genus 
Hymenachne other than the native species II. acutigluma, 

change the declaration in all jurisdictions to specifically include all hybrids with 
H. amplexicaulis as one of the parents, or 

formally describe the hybrid and declare this in all jurisdictions. 

Under legislation currently in force in Queensland - Land Protection (Pest and Stock 
Route Management) Act 2002 and Land Protection (Pest and Stock Route Management) 
Regulation 2003, there arc precedents for all three options. All Striga species other 
than native species are declared Class 1 pests, Jatroplui gossypifolia L. and hybrids with 
this species are declared Class 2 pests and the hybrid Bryophyllum daigremontianum 
(Raym.-Hamet & H.Perrier) A.Berger X B.delagoense (Eckl. & Zeyh.) Schinz is declared 
Class 2 under the name Bryophyllum X houghtonii (D.B.Ward) P.I.Forst. We suggest 
the last is the simplest and therefore most appropriate course of action and here 
describe the hybrid resulting from the crossing of II. amplexicaulis and H. acutigluma 
as Hymenachne x calamitosa and recommend declaration in all jurisdictions without 
undue delay. 


Species description 

Hymenachne x calamitosa J.R. Clarkson, sp. nov. 

Hybrida naturalis e Hymenachne amplexicaulis (Rudge) Nees et Hymenachne acutigluma 
(Steud.) Gilliland exorta, latitudine l'olii ct aliis characteribus inter parentes media, ad 
illud habitu accedens sed base folii non amplexicauli. 

Holotypc: Queensland: Cook; Abattoir Swamp, 4.5km north of Mount Molloy 
(16°38'09"S, 145°19'37"E), J.R. Clarkson 11796, 12 May 2009 (BR1). Isotypes: CNS, 
DNA, K, L, MO, NSW, PERTH. 

Etymology: the specific epithet is from the Latin calamitosus meaning destructive, 
disastrous or ill-fated hence marked by or promising bad fortune. This is an allusion to 
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the propensity for the hybrid to be at least as invasive and environmentally destructive 
under Australian conditions as one of its parents, H. amplexicaulis. 

Notes: descriptions of H. acutigluma and H. amplexicaulis and a key to distinguish them 
are provided by Covvie ct al. (2000). The hybrid appears to be intermediate between the 
parents in all characters. The leaves are broader than those of H. acutigluma, narrower 
than II. amplexicaulis and lack the stem-clasping leaf bases of the latter. 
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Appendix 1. Vouchers for molecular studies. 

Abattoir Swamp, 4.5km north of Mount Molloy (16°38’09"S, 145°19'37"E), 16 February 2009. 
Hymenachne amplexicaulis (Rudge) Nees J.R. Clarkson 11787 (BRI). 

Hymenachne acutigluma (Steud.) Gilliland J.R. Clarkson 11788 (BRI). 

Hymenachne x calamitosa J.R. Clarkson J.R. Clarkson 11789 (BRI). 

Beatrice Creek east of Humpty Doo on the Arnhem Highway (12°38'30"S, 13ri8'34”E), 20 May 2009. 
Hymenachne amplexicaulis (Rudge) Nees J.R. Clarkson 11790 (BRI). 

Hymenachne x calamitosa J.R. Clarkson J.R. Clarkson 11791 (BRI). 

Manton Dam ca 52 km south east of Darwin (12°50'53"S, 131°07'36"E), 20 May 2009. 

Hymenachne acutigluma (Steud.) Gilliland J.R. Clarkson 11792 (BRI). 

Manton Dam ca 52 km south east of Darwin (12°51'07"S, 131°07'37"E), 20 May 2009. 

Hymenachne amplexicaulis (Rudge) Nees J.R. Clarkson 11793 (BRI). 
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Abstract 

Phylogenetic relationships among major subfamilies in Poaceae and among major tribes within 
Panicoideae were evaluated using parsimony and Bayesian analyses of chloroplast frnL-F and 
atpfi-rbcL DNA sequences and a nuclear ribosomal DNA sequence, ITS1-ITS2. The Panicoideae- 
Aristidoideae-Chloridoideae-Micrairoideae-Arundinoideae-Danthonioideae (PACMAD) clade 
was well resolved. A close relationship between Aristidoideae and Chloridoideae was found. 
The monophyly of Micrairoideac was resolved but the relationships of three tribes (Eriachneae, 
Isachneae, Micraireac) within Micrairoideac were unclear, only Eriachne and Isachne were 
monophyletic. Panicoideae sensu stricto were supported as monophyletic and sister to a clade of 
Danthoniopsis and Tristachya. Within Panicoideae, only a clade of Andropogoneae + Arundinella 
+ Garnotia was supported. None of the analyses supported the monophyletic status of Paniccae. 
Within Paniceae, the bristle clade (excluding Cenchrus) + Alexfloydia, and the forest shade clade 
sensu Giussani et al. (2001), were found, but their circumscription remains ambiguous. A sister 
relationship between the endemic and rare Australian grasses Homopholis and Walwhalleya 
was also resolved. Arundinelleae were found to be polyphyletic. This study supported the 
separation of Arundinella and Garnotia from the remaining Arundinelleae and the inclusion of 
both genera in their own subtribes (Arundinellinae Honda sensu stricto and Garnotiinac Pilger) 
within the Andropogoneae. Arundinelleae should be abandoned as a taxonomic tribe within 
the Centothecoid +- Panicoid clade. Within Andropogoneae, five out of a total of 11 subtribes 
(Chionachninae, Coicinae, Dimeriinae, Germainiinae, and Tripsacinae) were monophyletic. 
This was the first time that Dimeriinae and Germainiinae have been included in a molecular 
study. 


1 Deceased November 26 2009. 
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Introduction 

Panicoideae are one of the biggest subfamilies in Poaceae, comprising approximately 
3,000 species and 200 genera (GPWG 2001). Although Panicoideae are highly diverse, 
all members can be grouped on the basis of the presence of two-flowered spikelets 
with male or sterile lower florets (Clayton & Renvoize 1986, Kellogg 2000) and simple 
type starch grains in the endosperm (Tateoka 1962). These spikelet and starch grain 
types were described as uniquely-derived characters by Kellogg and Campbell (1987). 
The monophyly of Panicoideae has also been verified by many molecular studies using 
chloroplast and nuclear DNA (e.g., Barker et al. 1999, Gomez-Martincz & Culham 
2000, Giussani et al. 2001, GPWG 2001, Aliscioni et al. 2003, Bouchenak-Khelladi et al. 
2008, Christin et al. 2008, Vicentini et al. 2008, Edwards & Smith 2010). In the widely 
used classification system of Clayton and Renvoize (1986), Panicoideae were split 
into seven tribes: Andropogoneae, Paniceae, Arundinclleae, Isachneae, I lubbardicae, 
Steyermarkochloeae and Eriachneae. Subsequently, Panicoideae were divided into 
two groups using phenetic analyses: the Andropogoneae + Garnotieac group and 
the Paniceae + Isachneae + Arundinellcac group of Hilu and Wright (1982) and the 
supertribes Panicodae and Andopogonodae of Watson and Dallwitz (1992 onwards). 
More recent phylogenetic analyses have resolved six tribes in Panicoideae because 
Eriachneae were placed outside Panicoideae as incertae sedis (GPWG 2001). Two tribes, 
Eriachneae and Isachneae, were placed together with Micraireae in a new subfamily 
Micrairoideae (Sanchez-Ken et al. 2007). 

Over the past few decades, members of Arundinclleae have been included in several 
phylogenetic analyses. According to the morphological phylogenetic reconstruction of 
Kellogg and Watson (1993), Arundinclleae (excluding Garnotia) were monophyletic. 
In contrast, several analyses of DNA sequences resolved Arundinclleae as polyphylelic 
and suggested that its delimitation should be reconsidered (Barker et al. 1999, Hilu et 
al. 1999, Spangler et al. 1999, GPWG 2001, Sanchez-Ken & Clark 2007, Sanchez-Ken 
et al. 2007, Bouchenak-Khelladi et al. 2008, Christin el al. 2008, Vicentini et al. 2008). 

Andropogoneae are one of the two major tribes in Panicoideae. Based on morphology, 
this group of tropical grasses is well-defined containing more than 900 species with 
extensive morphological variation among its members (Clayton & Renvoize 1986, 
GPWG 2001). Two widely used classifications of Andropogoneae come from the 
studies of Clayton and Renvoize (1986) and Watson and Dallwitz (1992 onwards). 
Andropogoneae were found to be non-monophyletic in the morphology based 
phylogenetic reconstruction of Kellogg and Watson (1993). Molecular data, on the 
other hand, consistently supported the monophyly of Andropogoneae as circumscribed 
by Clayton and Renvoize (1986), and also supported the sister relationship of 
Andropogoneae to Arundinelld (e.g., Spangler et al. 1999, Mathews et al. 2002, Bomblies 
8( Doebley 2005, Sanchez-Ken & Clark 2007, Sanchez-Ken et al. 2007, Christin et al. 
2008, Vicentini et al. 2008). Even though many molecular results have supported the 
monophyly of the tribe, the identity and relationships of its subtribes arc not well 
understood. Recent phylogenetic analyses have suggested that the short branches along 
the backbone of their trees and the concentration of nucleotide changes on terminal 
branches in the Andropogoneae clade have been caused by a rapid evolutionary 
radiation near the base of the clade (Kellogg 2000, Mathews et al. 2002, Skendzic et 
al. 2007). Many of these studies suggested that better sampling of lineages within the 
tribe, or the addition of more phylogenetic characters (more nucleotides), may help to 
resolve the relationships. 
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The major objective of this study was to improve phylogenetic understanding within 
Panicoideae and among subfamilies in the PACMAD cladc by increasing the sampling 
of taxa and by using plastic! (trnL intron, Zr/iL-F intergenic spacer, and the atpfi-rbcL 
intcrgenic spacer) and nuclear (ITS) DNA sequences separately and in combination. 
The atpfi-rbcL spacer was used for the first time to study inter-relationships of 
taxa within this group of plants. It also aimed to apply the results of the molecular 
phylogenies to taxonomy by testing the infra-subfamilial classification proposed by 
several authors. More specifically, it aimed to: (1) resolve major groupings within 
Panicoideae and investigate their inter-relationships, (2) investigate the monophyly 
of tribes of Panicoideae sensu Clayton and Renvoize (1986) and (3) investigate the 
subtribal classification of Andropogoneae. 


Material and Methods 


Taxonomic sample 

The majority of the materials were collected during our expeditions within several 
regions of Thailand, South America and Australia. Leaf material was dried with silica 
gel to rapidly desiccate the material and reduce DNA degradation before extraction 
(Chase & Mills 1991) or with the alternative preservative solution of saturated CTAB 
to reduce degradative changes affecting the quality of DNA (Thomson 2002). A few 
samples were taken from herbarium specimens and some DNA was available in the 
Botany Molecular Laboratory, Trinity College, Dublin and the Royal Botanic Gardens, 
Kew, England, U.K. The sample of species presented in this study relied greatly on the 
Old World grasses, especially the panicoid group. Additional taxa of other subfamilies 
from the New World and Australasia were also included. Five out of a total of seven 
tribes of Panicoideae sensu Clayton and Renvoize (1986) were sampled. The number 
of panicoid species presented here is considerably larger than most molecular studies 
to date. However, representatives of the two small tribes, Steyermarkochloeae and 
Hubbardicae, were not included due to the lack of material suitable for DNA extraction. 
In total, 132 taxa from six subfamilies sensu Clayton and Renvoize (1986), including 
10 other taxa of subfamilies Centothecoideac, Arundinoideac and Chloridoideae, and 
five tribes of Panicoideae and all subtribes of Andropogoneae were sampled. This was 
the first time that Dimeriinae and Germainiinae have been included in a molecular 
study (Appendix 1). Five grasses from Ehrhartoideae and Pooideae were chosen as 
outgroup taxa, according to the results of GPWG (2001) and Bouchenak-Khelladi et 
al. (2008). For the fn/L-F region, 13 taxa out of a total of 129 taxa were downloaded 
from GenBank (http://www.ncbi.nlm.nih.gov). For the atpfi-rbcL region, we sequenced 
122 taxa and downloaded five sequences from GenBank. For the ITS region, 127 taxa 
were sampled, including 27 sequences from GenBank. In total, 124 taxa were included 
in the combined dataset. 

DNA extraction, amplification and sequencing 

Total genomic DNA (tDNA) was extracted using a modified hot CTAB 
(hexadecyltrimethylammonium bromide) method of Doyle and Doyle (1987) as 
outlined in Hodkinson et al. (2007b). The extractions used 0.2 g of dried leaf or 
0.3 gof material obtained from herbarium specimens.Thcextract was precipitated using 
isopropanol and kept at -20 °C overnight or for three weeks to increase precipitation 
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in the case of herbarium specimens. The total DNA samples were then washed and 
purified with 70 % ethanol and further purified by using JETquick spin columns 
(GENOMED-GmbH, Lohne, Germany). The DNA was then transferred into a 1.5 ml 
micro-centrifuge tube and stored at -20°C until used or at -80 °C for longer periods. 
The Polymerase Chain Reaction (PCR) was used to amplify two regions of chloroplast 
genome DNA, trnL-trriF and atpfi-rbcL, and one region of nuclear ribosomal DNA, 
ITS. The trriL intron and trnL-F intergenic spacer were amplified as a single fragment 
using the ‘c’ and T primers of Taberlet et al. (1991), the atpfi-rbcL region with the 
primers of Samuel et al. (1997) and the ITS region using the 17SE and 26SE primers of 
Sun et al. (1994). All of the amplifications were carried out in an Applied Biosystems 
GeneAmp® PCR System 9700 thermal cycler. The amplification of the target fragment 
began with an initial pre-melt at 94° C for 1 min, followed by 29 cycles of denaturation 
at 95°C for 45 s, annealing at 50°C for frnL-F or 52°C for atpfi-rbcL and ITS for 45 s, 
and extension at 72°C for 2 min. A final extension at 72°C for 7 min was also included. 
All successful PCR products were purified using the same procedure as the total DNA 
purification but using sterile ultra pure water as the elution buffer. DNA was sequenced 
using BigDye Terminator v. 1.1 cycle-sequencing kits (Applied Biosystems) and an 
Applied Biosystems 310 automated DNA sequencer. 

Phylogenetic analyses 

Full sequences of all taxa listed in Appendix 1 were obtained. DNA sequences were 
checked and aligned by inserting gaps manually using Se-Al v. 2.0a 11 (Rambaut 1996) 
following the guidelines of Kelchncr (2000) and Baldwin et al. (1995) for the ITS 
matrix. Gaps smaller than 10 bp were coded as missing data, unless they were found 
in regions where there was an obvious tandemly arranged duplication in one sequence 
that was clearly due to a single mutation (a duplication). Such duplications were scored 
as only one character in the subsequent phylogenetic analyses. Gaps larger than 10 bp 
were excluded from the analyses. For the ITS matrix, some taxa had some polymorphic 
nucleotide sites and at these sites the dominant peak was chosen or alternatively the site 
was excluded from the matrix if a single dominant peak was not present. The aligned 
sequences were imported into PAUP* v.4.0bl0 (Swofford 2002). 

Maximum parsimony (hereafter MP) analyses of the final matrix were performed using 
the heuristic search algorithms of PAUP* with 1,000 replicates of random addition 
sequence (holding 20 trees at each replication) and with tree bisection reconnection 
branch swapping on multiple trees. Clade support was examined using 1,000 bootstrap 
replicates (Fclsenstein 1985) with the same settings as the initial heuristic search but 
with simple sequence addition instead of random sequence addition. Bayesian inference 
(hereafter BI) of the phylogeny was performed using MrBayes version 3.2 (I luelsenbeck 
& Ronquist 2001). The appropriate nucleotide substitution models for BI analysis were 
chosen using hierarchical likelihood ratio tests as implemented in MODEITEST 3.06 
(Posada 8c Crandall 1998). The three datasets, two plastid and one nuclear, showed the 
same best-fit nucleotide substitution model (GTR l G l I). Four parallel Markov chain 
Monte Carlo (MCMC) chains were run for 25,000,000 generations with trees sampled 
every 1,000 generations, and 25% of trees were discarded as burn-in. 
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Results 


Analyses of the combined dataset 

The matrix used for the combined analysis was obtained from trriL-trnP, atpfi-rbcL 
and ITS sequences. The final aligned matrix was 3,348 bp long; 969 characters were 
constant, 288 were variable but parsimony-uninformative, and 682 characters were 
parsimony-informative. The tree search using maximum parsimony generated 687 
equally most parsimonious trees of 4,330 steps with consistency index (Cl) of 0.365 
and retention index (RI) of 0.626. Bootstrap percentages (hereafter BP) arc described 
as low (50-74 BP), moderate (75-84 BP) and high (85-100 BP). The MP analysis 
produced a topology that was congruent with the tree obtained from the B1 analysis. 
By this we mean that there were no strongly supported groups in one analysis that were 
incongrucnt with strongly supported alternative groupings in the other analysis (no 
hard incongruence; following Reeves et al. 2001). The tree illustrated in Figure 1 is the 
Bayesian tree with the posterior probability (PP) values obtained from the BI analysis 
and with bootstrap percentages from the separate MP bootstrap analysis. The tree is 
largely consistent with the combined plaslid tree (Appendix 2, Fig. SI) and the ITS tree 
(Appendix 2, Fig. S2). We therefore base discussion of our results on the combined tree 
but occasionally refer to the supplementary information where appropriate. 

The PACMAD clade was strongly supported (99 BP, 1.00 PP). Aristida (Aristidoideae) 
was sister to Chloridoideae (support for the monophyly of this subfamily was 81 BP, 
1.00 PP) with 100 BP and 0.96 PP. The position of this clade was unresolved in the BI 
tree but it was sister to a Micrairoidcae clade, consisting of a monophyletic Eriachneae 
(100 BP, 1.00 PP) and an unresolved Isachncae (as the position of Coelachne was 
unresolved), in the strict consensus tree of the MP analysis (not shown). In the BI 
tree the Micrairoidcae clade was sister to Arundo with 0.92 PP, but unresolved relative 
to Danthonioidcae, Chloridoideae and a clade represented by the rest of the grasses. 
The PACCMAD group (including “Centothecoideae”, in contrast to PACMAD) was 
not supported because Centothecoideae were paraphylelic with Panicoideae. However, 
support for the monophyly of a Centotheca + Thysatiolaena clade was high (99 BP, 1.00 
PP). This reduced cenlothecoid clade was sister to a lineage, containing ((Panicoideae 
+ Arundinelleae) l- Chasmanthium ) with 1.00 PP in the BI analysis, or was sister to a 
lineage consisting of Panicoideae + Arundinelleae, in the strict consensus tree of the 
MP analysis (not shown). 

Arundinelleae were polyphyletic because Arundinella and Garnotia were included 
within Panicoideae (69 BP, 1.00 PP), while Danthoniopsis and Tristachya were grouped 
together with low support (55 BP, 0.94 PP) and were placed as the next most outlying 
branch to the rest of Panicoideae. Paniceae were not supported or retrieved in the 
strict consensus tree in the MP analysis, but the BI analysis resolved the monophyly of 
Paniceae with 0.66 PP. None of the subtribes of Paniceae sensu Clayton and Rcnvoize 
(1986) were found to be monophyletic. 

The combined dataset analyses supported two genera of Paniceae as monophyletic: 
Pennisetum (74 BP, 1.00 PP) and Sacciolepis (100 BP, 1.00 PP). The Pennisetum clade 
was sister to Setaria (51 BP, 0.71 PP). This clade was sister to a group consisting of 
Alexfloydia and Spittifex (support for the monophyly of this clade was 90 BP, 1.00 PP) 
with strong support (100 BP, 1.00 PP). Homopholis was sister to Walwhalleya (57 BP 
1.00 PP). Cyrtococcum, Pseudoechinolaena , and Acroceras were grouped together (57 BP 
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Fig. 1 . Bayesian consensus tree from the combined analysis (fruL—F + atpfi-rbcL + ITS) shown 
as a phylogram. Bayesian posterior probabilities and bootstrap values are shown above the 
branches. The PACMAD clade, and the subfamilial and the tribal classifications (the column on 
far right) are according to GPWG (2001) and Clayton and Rcnvoi/.e (1986), respectively. 
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1.00 PP) and sister to Ottochloa (< 50 BP, 0.96 PP). The clade consisting of Cenchrus , 
Ichnanthus, Panicum auritum and Paspalum was also resolved with high support (100 
BP, 1.00 PP). 

Andropogoneae and a Garnotia clade (100 BP, 1.00 PP) were grouped together with 0.92 
PP. This clade was sister to an Arundinella clade (100 BP, 1.00 PP) with strong support 
(99 BP, 1.00 PP). Within Andropogoneae, five subtribes: Chionachninae, Coicinae, 
Dimeriinae, Germainiinae and Tripsacinae (according to Clayton 8c Renvoize 1986), 
were monophylctic with 74, 92, 100, 99 and 100 BP, respectively (all with 1.00 PP). 
The relationships between the monophyletic subtribes and the rest of Andropogoneae 
were unclear, except Dimeriinae and Tripsacinae. Dimeriinae had Ischaemum indicum 
and 1. muticum as its successively sister taxa with 54 BP, 0.86 PP and 66 BP, 1.00 PP, 
respectively. Tripsacinae were sister to the clade consisting of Eremochloa and Garnotia 
(83 BP, 1.00 PP) with low support (< 50 BP, 0.71 PP). Four out of a total of seven taxa 
from Rottboelliinae ( Hackelochloa , Hemarthria longiflora, H. partensis and Mnesithea) 
were grouped with 0.99 PP. The monophyly of Arthraxon was resolved (100 BP, 1.00 PP). 
This clade was united with Thelepogon (50 BP, 0.75 PP). The monophyletic Hyparrhenia 
(88 BP, 1.00 PP) was sister to Andropogon gerardii (67 BP, 0.97 PP). This clade was 
grouped together with Andropogon ascinodis , Cymbopogon , and Schizachyrium (76 
BP, 1.00 PP). A clade consisting of Bothriochloa, Capillipedium and Dichanthium was 
resolved (91 BP, 1.00 PP). The analysis also resolved the monophyly of Themeda with 
53 BP and 1.00 PP. 


Discussion 


PACMAD Clade 

It is clear that the PACMAD clade, including Panicoideae sensu stricto (excluding 
Isachneae, Eriachneae and Arundinelleae, but including Arundinella and Garnotia), 
Arundinoideae, Chloridoideae, Micrairoideae sensu Sanchez-Ken et al. (2007), 
Aristidoideae and Danthonioideae, is monophyletic. It is also robustly supported 
based on molecular data by previous studies (e.g., Giussani et al. 2001, GPWG 
2001, Sanchez-Ken et al. 2007, Christin et al. 2008, Edwards 8c Smith 2010). Not all 
of these studies included representatives of each of the PACMAD subfamilies, but 
in combination they consistently grouped these taxa together. All members of this 
clade also have several apparently synapomorphic morphological or anatomical 
characters, such as the presence of an elongated mesocotyl internode and the loss of 
the epiblast (GPWG 2001). Within the PACMAD clade, the relationships among the six 
subfamilies were largely unresolved. The representatives of subfamily Centothecoideac 
( Centotheca , Chasmanthium and Thysanolaena ) did not form a monophyletic group. 
Only Centotheca and Thysanolaena were grouped together with high support (99 BP, 
1.00 PP). This relationship was also found in the studies of Bouchenak-Khelladi et 
al. (2008) and Christin et al. (2008). The grouping of members of Centothecoideae 
with the monophyletic Panicoideae is consistent with previous studies (Sanchez-Ken & 
Clark 2001, Sanchez-Ken 8c Clark 2007, Bouchenak-Khelladi et al. 2008). We therefore 
prefer to use the acronym PACMAD instead of PACCMAD, following Duvall et al. 
(2007). Micrairoideae, including Eriachneae and Isachneae, were monophyletic with 
strong support (100 BP, 1.00 PP), a finding consistent with previous studies (Duvall et 
al. 2007, Sanchez-Ken et al. 2007). However, the position of Micrairoideae within the 
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PACMAD clade was not clear. The monophyly of Micrairoideac sensu Sanchez-Ken et 
al. (2007) with Eriachneae, Isachneae and Micraireae, was not well supported (< 50 
BP) in the ITS analysis (S2, supplementary information). We can deduce some patterns 
from the MP analyses of single DNA regions. A strict consensus tree of these would 
reveal: (({Eriachne l Jsachne) + Coelachne ) Micraira). 

The monophyly of Eriachne, as found in the previous study by Sanchez-Ken et 
al. (2007), was consistently resolved and well supported (100 BP, 1.00 PP). Clayton 
and Renvoizc (1986) noted that Eriachneae, consisting of Eriachne and Pheidochloa, 
closely resembles Isachneae, in the number of fertile florets and in the induration 
of lemmas with inrolled margins, but differs in having awned lemmas and Kranz 
anatomy. Isachneae, represented by Coelachne and Isachne, were non-monophyletic 
due to the exclusion of Coelachne (Figs. 1, SI). However, the result supported Isachne 
as monophyletic (100 BP, 1.00 PP). Morphologically, Isachneae, including Coelachne , 
Heteranthoecia, Isachne, Limnopoa and Sphaerocaryum, are characterised by having two 
fertile disarticulating florets and by their non-Kranz anatomy. Clayton and Renvoize 
(1986) suggested that Isachneae were most likely to be derived from Panicum based 
upon close morphological similarities of spikelets between Isachne and Panicum sect. 
Verruculosa. However, these similarities were found to be homoplasies by Sanchez-Ken 
et al. (2007). 

Panicoideae sensu stricto (excluding Isachneae, Eriachneae and Arundineileae, but 
including Arundinella and Garnotia) were supported as monophyletic (69 BP, 1.00 PP). 
Within the Panicoideae only the ((Andropogoncae + Garnotia) +Arundinella) clade (99 
BP, 1.00PP) can be identified. 'I'his finding is inconsistent with some previous studies in 
which Panicoideae were made up of three major clades, comprising Andropogoncae, 
Paniceae [x= 10] and Paniceae [x=9j (e.g., Gomez-Martinez & Culham 2000, Giussani 
et al. 2001, Aliscioni et al. 2003, Vicentini et al. 2008). The failure to retrieve this 
topology could be due to uneven sampling among the clades. 

Unfortunately, no DNA samples from two small tribes (monotypic Hubbardieac 
and the two genera of Steyermarkochloeae) were available in this study. Based on 
morphological data, Hubbardia, which was distinguished by the absence of paleas, 
was apparently derived from Isachneae (Clayton & Renvoize 1986) sharing similarities 
in spikelet structure, the disarticulation of the florets above the glumes and the C, 
photosynthetic pathway. Steyermarkochloeae are comprised of two extraordinary 
genera, Steyermarkochloa and Arundoclaytonia. Based on leaf blade anatomy, Davidse 
and Ellis (1984) first suggested that Steyermarkochloa was similar to an arundinoid 
grass such as Gynerium (now placed within the Panicoideae + Ccntothecoideae 
clade, Sanchez-Ken & Clark 2001), Arundo , Phragmites and Thysanolaena (now 
Centothecoideae, GPWG, 2001). However, it was later transferred to be under 
Panicoideae because Steyermarkochloa is morphologically distinct from arundinoid 
grasses in almost all characters of leaves, inflorescences, spikelets and flowers (Clayton 
& Renvoize 1986). Although Arundoclaytonia showed no anatomical resemblance 
with the panicoid grasses, it was included in Steyermarkochloeae on the basis of 
spikelet morphology (Davidse & Ellis 1987). Recent phylogenetic study showed that 
Arundoclaytonia was grouped outside the Panicoideae clade. It was placed as sister to 
the PACMAD clade (Sanchez-Ken & Clark 2007). 
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Tribes of Panicoideae 


Paniccae 

A clade, consisting of Alexfloydia and three bristle clade taxa (Pennisetum, Setaria 
and Spinifex ) was found to be monophyletic with high support (100 BS, 1.00 PP). 
Interestingly, Alexfloydia , a rare Australian grass, was placed in the bristle clade. It is 
a non bristle-bearing genus not included in any previous analyses. Some previous 
studies have also found non-bristle bearing taxa in the bristle clade (Gomez-Martinez 
& Culham 2000, Giussani et al. 2001, Aliscioni et al. 2003, Bess ct al. 2005, Doust et 
al. 2007; O. Morrone, lnstituto de Botanica Darwinion, Argentina, ‘pers. comm.’). 
Surprisingly, one of the bristle-bearing genera, Cenchrus (represented by a single 
taxon, C. iucertus), was not grouped within this clade but was positioned within the 
clade that corresponds to x=I0 Paniccae, represented in this study by Ichnanthus, 
Paspalum and Panicum auritum, with high support (100 BP, 1.00 PP). Other Cenchrus 
species were previously placed in the bristle-clade of the x=9 Paniccae (Doust et al. 
2007, Christin ct al. 2008, Vicentini et al. 2008), which suggests that this genus may be 
polyphylctic, but future studies are needed to test this hypothesis. Within the bristle 
clade, Petinisetum was monophyletic (74 BP, 1.00 PP). However, previous studies have 
found that Pennisetum was paraphyletic and always forms a monophyletic assemblage 
with Cenchrus (Giussani et al. 2001, Doust & Kellogg, 2002, Doust et al. 2007, Donadio 
et al. 2009). 

The forest shade clade, as defined by Giussani etal. (2001), was also resolved in this study 
(0.96 PP) with Acroceras, Ottochloa, Pseildechinolaena and a new member, Cyrtococcum. 
1 lowever, the monophyly of the forest shade clade, which was supported in other recent 
studies (Christin el al. 2008, Ibrahim et al. 2009), remained only moderately supported 
and ambiguous in our analyses (Figs 1, SI 8c S2). 

Plomopholis and Walwhalleya, endemic grasses from Queensland, Australia, were 
grouped together (57 BP, 1.00 PP). This grouping is inconsistent with the morphological 
phylogenetic trees of Wills ct al. (2000) in which three members of Walwhalleya formed 
a monophyletic group and were sister to the clade consisting of Digitaria and Panicum, 
while Plomopholis was well-supported as the most outlying member of the ingroup. 
The monolypic and endangered genus Plomopholis was previously placed within 
section Digitariastrae under Paniccae, and considered to be closely related to Digitaria, 
but differing in its well developed lower glumes and comparatively small fertile florets 
(Clayton & Renvoize 1986). However, this relationship was not supported by either the 
morphological study of Wills et al. (2000) or by the present molecular data although 
the topology here was only weakly supported. 

Sacciolepis was also resolved as monophyletic with high support (100 BP, 1.00 PP), but 
its position was uncertain. Previously, Sacciolepis, represented by S. indica, was nested 
within the clade consislingof Panicum section Monticola, chde-Parvifolia clad e-Verrucosa 
(Aliscioni et al. 2003, Vicentini et al. 2008). Aliscioni et al. (2003) also suggested that the 
inclusion of Sacciolepis within this Panicum clade was doubtful because no apparent 
morphological relationship exists between Sacciolepis and those sections or groups. 
Sacciolepis comprising of c. 30 species is widely distributed in the tropics, especially in 
Africa. It is a distinctive genus and differs from the rest of Paniceae by the presence of 
spiciform panicle, with ribbed glumes and gibbous upper glumes (Clayton & Renvoize 
1986). 
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Arundinclleae 

Arundinelleae were polyphyletic and split into three clades: (1) an Aruttdinella clade 
(100 BP, 1.00 PP), which was sister to Andropogoneae, (2) a Garnolia clade (100 BP, 
1.00 PP), which was embedded within Andropogoneae as sister to Tripsacinae (99 BP, 
1.00 PP), and (3) a clade of Danthoniopsis + Tristachya (55 BP, 0.94 PP), which was 
sister to Panicoideae (52 BP, 0.94 PP). The grouping of Danthoniopsis and Tristachya 
was consistent with Sanchez-Ken et al. (2007), while the sister group relationship 
between Danthoniopsis + Tristachya clade and the panicoid clade can be interpreted 
as a novel result. However, this finding should be interpreted with care because some 
species of Tristachya have been placed within the Andropogoneae with high support 
(e.g., Hilu et al. 1999, Bouchenak-Khelladi et al. 2008). 

Based on morphological characters, Arundinelleae taxa have the unique feature 
of the two-flowcred spikelet with male or sterile lower floret and a bisexual upper 
floret. However, Arundinelleae differ from other panicoids in having a spikelet with 
a persistent glume (except Garnotia) (Clayton 8c Renvoize 1986, Renvoize 8c Clayton 
1992). The non-monophyly of Arundinelleae has been reported in other phylogenetic 
analyses (e.g.. Barker et al. 1999, Hilu et al. 1999, Spangler et al. 1999, GPYVG 2001, 
Sanchez-Ken 8c Clark 2007, Sanchez-Ken et al. 2007, Bouchenak-Khelladi et al. 2008). 
Therefore, the unique Arundinelleae sensa lato. morphological characters are most 
likely homoplasious.The classification at the generic level of Arundinelleae sensu lato is 
complex (Phipps 1966, Clayton 8c Renvoize 1986) but, on the basis of anatomy, its taxa 
can be divided into two types, the non-Kranz type or C 3 pathway in Chandrasekharania 
and Jansenella and the Kranz MS type or C A pathway in the rest of the tribe (Clayton 8c 
Renvoize 1986). It would be interesting to include those two genera in further analysis, 
especially Jansenella which was found as a morphologically intermediate taxon between 
Arundinella and Danthoniopsis (Bor 1955, Clayton 8c Renvoize 1986, Teerawatananon 
8c Hodkinson 2008). 

Arundinella and Garnotia 

The results from the combined dataset supported the separation of Arundinella 
and Garnotia from the remaining Arundinelleae, and suggested that Arundinella 
and Garnotia could better be placed in their own subtribes (Arundinellinae Honda 
sensu stricto and Garnotiinae Pilger) within Andropogoneae and that Arundinelleae 
sensu lato should be abandoned as a taxonomic group. Although the appearance of 
Garnotia within Andropogoneae was previously demonstrated by the cluster analysis 
of Hilu and Wright (1982), the inclusion of Garnotia in Andropogoneae is a novel 
result overlooked by previous phylogenetic studies (e.g.. Barker el al. 1999, Hilu et al. 
1999, Spangler et al. 1999, GPWG 2001, Sanchez-Ken 8c Clark 2007, Sanchez-Ken el al. 
2007, Bouchenak-Khelladi et al. 2008) probably due to lack of Garnotia DNA samples. 
Arundinella was sister to Andropogoneae + Garnotia (99 BP, 1.00 PP). However, the 
position of Garnotia within Andropogoneae, relative to other subtribes was unclear. 
The Garnotia clade was found to be sister to Eremochloa (83 BP, 1.00 PP) but there is 
no obvious shared morphology. Morphologically, Arundinella differs from the rest of 
Arundinelleae in having a membranous ligule, a scabrid upper lemma and a punctilorm 
hilum, while Garnotia is distinguished by its single-flowered spikelets that disarticulate 
below the glumes (Clayton 8c Renvoize 1986). Both genera differ from the rest of the 
tribe by having a punctiform hilum and a membranous ligule (Clayton 8c Renvoize 
1986). Anatomically, Arundinella and Garnotia are C, taxa but have isolated vascular 
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bundle sheath cells (which were called distinctive cells or auxiliary bundle cells), and 
auriculate paleas (Tateoka 1958, Clayton 8c Renvoize 1986, Renvoize 8c Clayton 1992). 
On the basis of our results these shared characters are homoplasious as Arundinella and 
Garnotia were not grouped together. 

Andropogoneae and its subtribal classification 

Andropogoneae were found to be monophyletic only if Garnotia was included (<50 BP, 

O. 92 PP) and this clade was united with Arundinella (99 BP, 1.00 PP) (Fig. 1). Within 
the tribe, none of the phylogenetic trees were consistent with the awned/awnless 
classification proposed by Clayton (1972, 1973). This hypothesis was supported by 
the molecular study of Mathews et al. (2002), but no strong evidence for this clade 
was found. It is clear that the subtribal classification of Clayton and Renvoize (1986) 
requires considerable revision (Kellogg 2000, Mathews et al. 2002) even though some 
sublribes (Chionachninae, Coicinac, Dimeriinae, Germainiinae and Tripsacinae) were 
supported as monophyletic in our study. 

Chionachninae, Coicinac and Tripsacinae 

All monoecious taxa of Andropogoneae were traditionally placed in Maydeae (Bentham 
1882, Hackel 1889, Watson 8c Dallwitz 1992 onwards, Kellogg 8c Watson 1993). 
However, Maydeae were divided into three subtribes, Chionachninae, Coicinac and 
Tripsacinae by Clayton (1973) and Clayton and Renvoize (1986) using the difference 
of inflorescences and spikelets based mainly on the different origin of the bead-like 
feature of female spikelets (Clayton & Renvoize 1986). In Chionachninae this structure 
is formed by a lower glume, while in Coicinae it is modified from a spathcole. These 
two subtribes completely differ from Tripsacinae in having paired female spikelets and 
the inflorescence rachis is broader than their spikelets. 

In this study, Chionachninae, represented by Chionachne massiei , Polytoca digitata and 

P. wallichiana , were supported as monophyletic (74 BP, 1.00 PP). Polytoca wallichiana 
was first proposed under the name Cyathorhachis wallichiana by Stcudel (1854). It was 
transferred to be Polytoca by Bentham (1882). Recently, the name Cyathorhachis was 
reinstated by Jannink and Veldkamp (2002). However, P. digitata and P. wallichiana 
are morphologically similar in many respects. The low level of genetic divergence 
between these two taxa also confirmed that P. wallichiana should be placed within 
Polytoca rather than Cyathorhachis. Morphologically, Chionachninae were found to be 
polyphyletic by Kellogg and Watson (1993) in which Polytoca was grouped together 
with Tripsacinae, while Chionachne was placed outside this clade. Clayton and Renvoize 
(1986) and Renvoize and Clayton (1992) suggested that Chionachninae are linked 
to Rottboelliinac by the appearance of the peg and the socket callus joints of sessile 
spikelets. This relationship was not supported by this study. 

The monophyly of Coix (Coicinae) was demonstrated by Bomblies and Doebley (2005) 
and was also resolved with high support by this study (92 BP, 1.00 PP) as the Australian 
C. gasteenii grouped with the widespread C. lacryma-jobi. Morphologically, the highly 
modified inflorescence of the monotypic Coicinac is composed of paired unisexual 
racemes. Female racemes arc hidden in an indurated utricle which is derived from a 
spatheole. These extraordinary modifications confirmed the separation of Coicinae 
from the remaining monoecious taxa and indicated a possible link with Apluda and 
Coicinac (Clayton 8c Renvoize 1986, Renvoize 8c Clayton 1992). However, this debate 
remains unresolved based on molecular data. 
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Our study strongly supported the monophyly of Tripsacinae (100 BP, 1.00 PP). Species 
of this subtribe - Zea mays and wild species of Zea and Tripsacum - were grouped 
together (Clayton 1973, Clayton & Renvoize 1986, Watson & Dalhvitz 1992 onwards, 
Kellogg 2000). Tripsacinae were also found to be monophylctic and closely related to 
Rottboelliinae and Chionachninae in all molecular studies to date (e.g., Spangler et 
al. 1999, Mathews et al. 2002, Bomblics & Doebley 2005). A sister-group relationship 
between Tripsacinae and Rottboelliinae was not found in our study, but our combined 
dataset showed that Tripsacinae were grouped together with the clade consisting of 
Garnotia clade + Eremochloa with low support (< 50 BP, 0.71 PP). There is no obvious 
morphological character to arrange these taxa together. 

Germainiinae 

Germainiinae, represented by Apocopis and Germainia, were highly supported (99 
BP, 1.00 PP). These taxa have not been combined in phylogenetic analyses before. 
This novel clade is incongruent with the morphological phylogenetic trees of Kellogg 
and Watson (1993). Within Germainiinae, Apocopis was monophylctic (98 BP, 1.00 
PP). The taxa with awned upper lemmas (A. courtallumensis , A. intermedius and A. 
siamensis) form a clade with moderate support (84 BP, 0.97 PP) and have the awnless 
upper lemma taxon (A. collinus ) is the most outlying species to the rest of Apocopis. 
However, the monophyly of Apocopis was not supported by the combined chloroplast 
tree due to the inclusion of G. lanipes (Appendix 2, Fig. SI). Germainia was consistently 
paraphyletic in all analyses. Both MP and BI analyses found that G. khasyatm was sister 
to G. pilosa (94 BP, 1.00 PP), while G. capitata was the next most outlying branch to the 
rest of Germainiinae. 

Dimeriinae 

The monotypic Dimeriinae ( Dimeria spp.) was strongly supported (100 BP, 1.00 PP). 
A sister group relationship between Dimeriinae and Ischaeminae was demonstrated by 
the combined dataset in which Ischaemum indicum and I. muticum were successively 
sister taxa to a Dimeriinae clade. These relationships are inconsistent with the studies 
of Clayton and Renvoize (1986) and Kellogg and Watson (1993). Morphologically, 
Dimeriinae is unlike the remaining Andropogoncae in having a single pedicelled 
spikelet with no trace of the pairing (Clayton 1972) and hence it is presumably derived 
from that state (Renvoize 8c Clayton 1992). According to Clayton and Renvoize (1986), 
Dimeriinae is linked to Pogonachne in the Ischaeminae through LX Icplorhachis but 
differs by its espatheate inflorescences, racemes with tough rachis, epaleate florets and 
the presence of two stamens. 

Hackelochloa, Hemarthria and Mnesithea 

Although Rottboelliinae (with Elionurus, Eremochloa, Hackelochloa, Hemarthria, 
Mnesithea and Phacelurus) were not found to be monophylctic in this study, 
three genera, Hackelochloa, Hemarthria and Mnesithea, often grouped together, 
(< 50 BP, 0.99 PP). The monophyly of Hemarthria was confirmed by the combined 
dataset (100 BP, 1.00 PP). This clade was found to be closely related to Hackelochloa 
(69 BP, 1.00 PP). However, no obvious morphological traits support this relationship. 
The relationship between Hemarthria and Hackelochloa is inconsistent with the 
morphological studies of Clayton and Renvoize (1986) and Kellogg and Watson 
(1993). Morphologically, both genera are placed in Rottboelliinae based on the 
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characters of awnless upper lemmas, thickened internodes and the fused pedicel to 
internode (Clayton 1973). Hemarthria can be distinguished from the rest of its subtribe 
in possessing tough rachis and an oblique basal callus, while Hackelochlca is the only 
genus in the subtribe having globose sessile spikelets with wingless lower glumes 
(Clayton & Renvoize 1986). 

Bothriochloa, Capillipedium and Dichanthium 

Three genera, Bothriochloa, Capillipedium and Dichanthium, were found to form a 
monophyletic group in the combined analysis (91 BP, 1.00 PP) and this clade has also 
been resolved by previous molecular studies (e.g., Spangler et al. 1999, Mathews et al. 
2002, Skendzic et al. 2007). These three genera arc known as an agamic complex and 
have produced a large number of interspecific and some intergcneric hybrids (Harlan 8c 
De Wet 1963, De Wet 8< Harlan 1970). However, this relationship was not supported by 
most morphological studies of Clayton and Renvoize (1986), Watson and Dalhvitz (1992 
onwards) and Kellogg and Watson (1993) and most studies preferred to keep these three 
genera separate. Morphologically, Dichanthium is closely related to Bothriochloa in having 
sub-digitate racemes, but can be distinguished by its pedicels and rachis internodes being 
solid and lacking a translucent median line. The members of Capillipedium are often 
confused with members of Bothriochloa, but the former differs in having paniculate 
inflorescences and short racemes often reduced to triads (Clayton 8c Renvoize 1986). Based 
on molecular data, this clade was previously found to be within the core Andropogoneae 
(Spangler et al. 1999, Mathews et al. 2002, Skendzic et al. 2007). This relationship was also 
resolved in this study. The core Andropogoneae (with Andropogon, Coix, Cymbopogon, 
Ileteropogon, Hyparrhenia, Schizachyrium and Sorghaslrum) was informally named by 
Spangler el al. (1999) corresponding to the chromosome number (x) of 20. The core 
Andropogoneae was later found to be non-monophyletic by Mathews et al. (2002) and 
Skendzic et al. (2007) due to the exclusion of Coix. 

Other genera and unresolved topology 

The results from all analyses confirmed the monophyly of Arthraxon (100 BP, 1.00 
PP). Morphologically, Arthraxon is distinguished from all other Andropogoneae by its 
lemmas with a sub-basal awn. 

Hyparrhenia was resolved as monophyletic (88 BP, 1.00 PP). Clayton and Renvoize 
(1986) suggested that Hyparrhenia is closely related to Andropogon and Cymbopogon. 
This study also found that a Hyparrhenia clade was sister to Andropogon gerardii 
(67 BP, 0.97 PP). This clade was grouped together with three other taxa, Cymbopogon, 
Schizachyrium and Andropogon ascinodis (76 BP, 1.00 PP). Themeda was also 
monophyletic (53 BP, 1.00 PP). Morphologically, Themeda is distinctive among the 
sampled Anthistirii nac in that its racemes have two large homogamous pairs at the base 
and upper lemmas are entire. According to Clayton and Renvoize (1986), the position 
of Themeda within Anthistiriinae should be between Heteropogon and Iseilema. The 
relationship between Iseilema and Themeda was also found in the study of Kellogg and 
Watson (1993). However, none of our analyses supported this hypothesis. 

Although several well supported groups have been identified, the present matrix 
with three non-coding markers ( trnl-V , alpfi-rbcL and ITS) was insufficient to 
provide enough phylogenetic informative characters to resolve many evolutionary 
relationships at the intergeneric level in Andropogoneae. There are several reports 
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of phylogenetic analyses within the angiosperms that have encountered similar 
difficulties with resolution due to short lengths of internal branches relative to terminal 
branches (c.g., Kellogg 2000, Mathews et al. 2002, Wortley et al. 2005). These patterns 
have been explained by suggesting that the groups have undergone rapid phylogenetic 
radiation (and that the phylogenetic signal to resolve the inter-relationships of the 
lineages has been lost). However, the theory behind such empirical observations and 
deductions is not well developed or reported (Moore et al. 2007). Adding more data 
and more taxa are the only ways of resolving these difficult groups (Hillis et al. 2003, 
Hodkinson et al. 2007a, Pirie et al. 2008). Choice of gene is also critical and it would be 
worthwhile sequencing a large number of more slowly evolving genes to reconstruct 
the phylogenetic patterns inside these clades of Panicoideae (Hodkinson et al. 2007a, 
Moore et al. 2007, Pirie et al. 2008). 

Conclusions and resulting taxonomy 

In this study, 42 out of 85 genera of Andropogoneae, representing 11 subtribes, were 
sampled and sequenced using three non-coding markers from both chloroplast and 
nuclear ribosomal DNA. We present our taxonomy of Arundinellinae and Garnotiinae: 

Subtribe Arundinellinae Honda, ]. Fac. Sci. Univ. Tokyo Bot. 3: 303. 1930. 
Type: Arundinella Raddi. 

Arundinellinae as treated here includes only its type genus: Arundinella. This subtribc 
was first established with three genera: Arundinella, Phaenosperma and Thysanolaena 
(Honda, 1930). However, a recent systematic treatment of Poaceae placed Phaenosperma 
in Pooideae and grouped Thysanolaena within Centothecoideae (GPWG, 2001). 

Subtribe Garnotiinae Pilgcr in Engl. & Prantl, Nat. Pflanzenfam. Aufi. 14d: 167. 1956. 
Garnotiinae Pilger in Bot. Jahrb. 76(3): 341. 1954. nomcn. Type: Garnotia Brongn. 

Included genus: Garnotia. 
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Appendix 1 . Species sequenced for frnL-frnF, atpfi-rbcL and ITS, with vouchers and GenBank accession numbers. 
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Appendix 2. Supplementary information. 



Fig. SI. One of 13,100 equally most parsimonious trees shown as a cladogram obtained from 
comparative sequence analysis of combined chloroplast DNA sequences. Values above branches 
represent the number of steps supporting each branch. Values below branches represent the 
bootstrap support above 50%. Arrow heads represent nodes not found in the strict consensus 
The PACMAD clade, the subfamilial and the tribal classifications (the column on far right) are 
according to GPWG (2001) and Clayton and Renvoize (1986), respectively. 
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Fig. S2. One of 3,100 equally most parsimonious trees shown as a cladogram obtained from 
comparative sequence analysis of the ITS DNA sequences. Values above branches represent the 
number of steps supporting each branch. Values below branches represent the bootstrap support 
above 50%. Arrow heads represent nodes not found in the strict consensus. The PACMAD clade, 
the subfamilial and the tribal classifications (the column on far right) arc according to GPWG 
(2001) and Clayton and Renvoizc (1986), respectively. 
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Abstract 

Eragrostis surreyana K.A.Sheph. & Trudgen sp. nov. is a diminutive annual lovegrass named 
for the late Surrey Jacobs (1946-2009). This species is restricted to seasonal wetland areas in 
the Pilbara Bioregion of Western Australia. Although it is quite widespread, E. surreyana is 
currently only known from five locations and it is likely it has suffered loss of populations 
through habitat degradation caused by sheep and cattle grazing. It is therefore considered to be 
a species of conservation concern. Eragrostis surreyana produces numerous culms and forms a 
small tussock. It is distinguished from related species by its flexuose rachilla, ovate lemmas and 
short hairs along the keel of each palea. A description, images and a map of the distribution of 
this new species is provided. 


Introduction 

The lovegrass genus Eragrostis Wolfis includes around 350 species world wide. Eragrostis 
has been revised for the Elora of Australia project (Palmer et al. 2005), a treatment 
that draws on the earlier work by Lazarides (1997). At that time there were 73 species 
recorded in Australia, of which 15 were considered to be weeds. Based on the current 
Western Australian Census there arc 19 species of Eragrostis in the Pilbara Interim 
Biogcographic Rcgionalisation for Australia (IBRA) region, including two Priority 
Three conservation listed species (E. crateriformis Lazarides and E. lanicaulis Lazarides) 
and the two weeds (*E. pilosa (L.) P.Bcauv. and *E. xerophila Domin) (Western 
Australian Herbarium 1998+, Smith 2010). 

The diminutive new species described herein as Eragrostis surreyana K.A.Sheph. & 
Trudgen was first collected in 1978 during a vegetation survey of the Burrup Peninsula. 
In the subsequent report this taxon was named ‘ Eragrostis cf. basedowit (Blackwell et al. 
1978); however, the specimen was never lodged at the Western Australian Herbarium 
(PERTH). A subsequent survey of the Burrup some 24 years later resulted in the 
re-collection of this taxon, which was informally named Eragrostis sp. Mt Montagu 
(Trudgen & Associates 2002). Examination of allied species at PERTH also identified a 
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specimen that was collected from the eastern edge of the Robe River Catchment in 1996 
{A.A. Mitchell PRP 1518), which had been determined as ‘Eragrostis sp. nr cutnittgii ’ 
by Mike Lazarides. It is likely that the taxonomic status of this specimen could not be 
resolved at the time due to a lack of adequate corroborating specimens. Assessment 
of these collections and further specimens obtained during a field trip to the Burrup 
Peninsula in 2009 has confirmed this taxon as distinct. 

Eragrostis surreyana is poorly known as it has only been recorded from four populations 
in the Chichester Range including Mt Montagu, south of Pannawonicaand from a single 
location on the Burrup Peninsula. Based on current knowledge (PERTH collections 
and a private database of c. 6000 Pilbara Bioregion vegetation sites maintained by the 
second author) this species is believed to be very uncommon. Furthermore, as a species 
restricted to seasonal wetland areas, populations of E. surreyatm may be threatened 
by the physical destruction of such habitats by livestock and the invasion of weeds. 
Species of the genus Cenchrus L. in particular pose a serious problem, as many are 
allelopathic and reach high densities in seasonal wetlands. Since E. surreyana is a species 
of conservation concern it was considered a priority to name. 

There is also a single collection of a potentially new taxon phrase named E. sp. 
Mt Robinson (S. van Lceuwen 4109) from the Pilbara region at PERTH. While this 
taxon has been given a Priority One conservation status, its taxonomic status could not 
be resolved here due to a lack of adequate material. 


Methods 

Characters were measured from specimens lodged at the Western Australian Herbarium 
(PERTH) and from fresh material collected in the field. 

As Eragrostis surreyana is a species of conservation concern exact localities of known 
populations have been withheld. A distribution map was produced using DIVA-GIS 
Version 5.2.0.2. (http://wwrv.diva-gis.org/) and includes the Interim Biogcographic 
Regionalisation for Australia (IBRA) categories Version 6.1 (Department of the 
Environment, Water, Heritage and the Arts 2008) as modified on FloraBase. 

Taxonomy 

Eragrostis surreyana K.A.Sheph. & Trudgen sp. nov. 

Species insignis a speciebus notis bene distincta; habitu minore, spiculis compressis, 
rachillis flexuosis, lemmatibus ovatis, margine palearum pilis brevissimis ornato, 
statim dignoscenda. 

Type: Western Australia, about 100 km N of Tom Price. A.A. Mitchell PRP 1518 ,10 Sep 
1996; holo. PERTH4995511; iso. CANB, DNA, K n.v. 

Tufted annual 5-8 (-13) cm high. Culms erect to decumbent, 2.5-5 (-13) cm long. 
Leaves glabrous; ligule ciliolate, 0.2—0.35 mm long; blade loosely rolled, 16-35 mm long, 
0.2-0.6 mm wide. Inflorescence terminal and axillary. Terminal panicles spiciform, 
90-130 mm long, 5-12 mm wide; branches divided, entirely spikelet-bearing, 
10-30 mm long. Spikelets often overtopped by leaf blades, linear-oblong, laterally 
compressed, 4.8-13 mm long, 1.1—3 mm wide; almost sessile or pedicel 0.1-0.3 mm 
long; rachilla flexuose, internodes 0.3-0.5 mm long; florets 8-30 (-33), imbricate 
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becoming loosely overlapping. Glumes persistent, deciduous at maturity, unequal, 
ovate, membranous; lower glume 1-2.2 mm long; upper glume 1.3-2.7 mm long. 
Lemma deciduous, glabrous, narrowly ovate, apex acute, often mucronate, 1.2-1.9 mm 
long, keel ribbed, glabrous or sometimes scabrous, nerves ribbed. Palea persistent, Vs 
as long as lemma; body oblong to ovate, keel scabrous with small hairs 0.025-0.05 mm 
long. Anthers 0.2-0.3 mm long. Grain ovoid, laterally compressed, 0.35-0.5 mm long, 
0.25-0.4 mm wide, pale brown. (Fig. 1 a-e) 

Flowering. Fertile collections have been made from May to September. 

Selected specimens examined: Western Australia: R. Butcher, K.A. Shepherd, J.A. Wege, S. van 
Leeuwen & V. Long RB 1378, 27 May 2009 (CANB, PERTH); R. Butler RB02, 24 Jul 2009 (CANB, 
NSW, PERTH); V Long MET&A 157, 27 Jun 2000, (AD, PERTH); K.A. Shepherd, R. Butcher, J.A. 
Wege, S. van Leeuwen & V. Long KS 1229, 27 May 2009 (CANB, PERTH); M. Trudgen & D. True 
MET 1026, 13 Aug 1991 (MEL, PERTH); M.S. Trudgen &R. Butler RB03, 25 Jul 2009 (PERTH); 
M.S. Trudgen & R. Butler RB04, 24 Jul 2009 (PERTH); C. van der Bergh 04R 128-16, 4 Jun 2009 
(PERTH). 

Distribution and habitat. Currently only known from the Pilbara IBRA region of 
the Eremaean Botanical Province (Fig. 2). Eragrostis surreyana is usually found in 
seasonally wet, shallow, grey alluvial soils over rock, with some from deeper soils in a 
seasonally wet creek line. Most collections have been made from streams, with one from 
a seasonal seepage area on a gentle slope near the base of the Chichester escarpment. 
Associated species include a sedgeland - tussock grassland with Cyperus vaginatus 
R.Br., Schoenus falcatus R.Br., Fimbristylis rara R.Br., Stemodia grossa Benth., Pluchea 
rubelliflora (F.Muell.) B.L.Rob. and Stylidium fluminense F.L.Erickson & J.H.Willis. 

Conservation status. As Eragrostis surreyana is currently only known from five isolated 
populations and may be vulnerable to threats of habitat loss through disturbance and 
weed invasion, it has been recently listed as Priority Three under the Conservation 
Codes for Western Australian Flora (Smith 2010). Priority Three taxa are regarded as 
being poorly known and have been recorded from several populations, some of which 
are not thought to be under immediate threat. This species is under consideration for 
listing as Declared Rare Flora but is in urgent need of further survey. As this taxon is 
poorly known it would be listed in the ‘Data Deficient’ category under the IUCN Red 
List Categories and Criteria (IUCN Standards and Petitions Subcommittee 2010). 

Etymology. This species is named for the late Surrey Jacobs (1946-2009), who made 
significant contributions to Australian systematic research throughout his distinguished 
career on a wide range of plant groups including native grasses. 

Common name. Surrey’s Lovegrass 

Affinities. This tufted annual species of Eragrostis has a number of distinguishing 
features such as diminutive size; numerous culms; laterally compressed spikelets, which 
are usually overtopped by the leaf blades; flexuose rachilla; ovate lemma and short hairs 
only 0.025-0.05 mm long along the keels of the palea. These characters separate this 
new species from the two species that appear to be most closely allied to it: E. cumingii 
Steud. and E. basedowii Jedwabn. 

Eragrostis surreyana is distinct from the widespread and common E. cumingii Steud. as 
this species is usually taller with fewer culms and has inflorescences extending beyond 
the leaf blades; straight rachilla; ovate or elliptic to orbicular lemma that are gibbous on 
the back and thickened hairs 0.1-0.4 mm long on the palea keel (Fig. 1 f & g). 
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Fig. 1. Emgrostis surreyana. a, small tufted plants (in centre of the image); b, habit; 
c,8cd, spikelets; e, scan of a specimen ( K.A. Shepherd et al. KS1229 , PERTH 08079439); Emgrostis 
cumingii. f, habit; g, inflorescence. Photographs by K.A. Shepherd. Scale bar = 30 mm. 
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While Eragrostis basedowii Jedwabn. is not currently known in Western Australia, this 
small tufted annual also has narrow acute lemmas that are > 2.5 mm long, similar to 
E. surreyana. Features that distinguish E. basedowii from this new species are its flat 
or only loosely rolled leaf blades 3Q-100(-260) mm long; straight rachilla; granular- 
textured (in dried material) lemmas and rigid hairs 0.25-0.5 mm long on the palea 
keel. 

Notes. Eragrostis cumingii , which is extremely common in the Pilbara Bioregion, grows 
in somewhat similar habitats to E. surreyana but on deeper soils. The two species may 
be ecologically separated as E. cumingii is likely to establish earlier and experience a 
longer growing season, while E. surreyana will only appear in shallow soils around wet 
seepages once they begin to dry out later in the season. 
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Fig. 2. Distribution of Eragrostis surreyana in Western Australia with I BRA regions Version 6.1 in 
grey (Department of the Environment, Water, Heritage and the Arts 2008). 
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Abstract 

Aristida jacobsiana is described as a new species from the north of the Northern Territory and 
north Queensland. It belongs to section Macrocladae B.K.Simon and is morphologically similar 
to both Aristida longicollis (Domin) Henrard and Aristida psammophila Henrard. It differs from 
the former by the lemma apex being smooth or scabrous only on the keel and from the latter by 
having a shorter column of only half a twist. 


Introduction 

The existence of a possible new species of Aristida from the Nitmiluk National Park, 
Northern Territory, Australia was brought to the attention of the first author by the 
second in late 2009 and material of a few gatherings was sent to the Queensland 
Herbarium (BRI) to be checked with the DELTA character set of Aristida maintained 
by BKS. It was found to be similar to two existing species of this genus, A. longicollis 
(Domin) Henrard and A. psammophila Henrard, but differed from them in a few 
morphological features that deemed it necessary to describe this entity formally 
as a new species. Two other specimens of this taxon were found in the Queensland 
Herbarium, filed under A. longicollis. In addition to the two Queensland specimens 
and Northern Territory material from the Nitmiluk National Park, another Northern 
Territory specimen of this taxon has also been collected from the Adelaide River. 
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Aristida jacobsiana B.K.Simon & I.D.Cowie, sp. nov. 

Affinis A. longicolli (Domin) Henrard sed apice lemmatis laevi vel carinis scaberulis, 
inflorescentiis angustioribus, aristis lcmmalis brevioribus et spiculis minoribus, et 
affinis A. psammopilae Henrard, sed columna lemmatis minore, convoluta dimidio et 
aristis rectis et brevioribus diffcrt. 

Type: Northern Territory: Nitmiluk National Park, 20 km N of Edith Falls: C.R. Michell 
3717; holo: DNA; iso: BRI, CANB, NSW. 

Perennial, compactly tufted. Culms 20-60 cm tall, sometimes sparingly branched. 
Culm internodcs smooth, glabrous. Nodes 4-6, glabrous. Leaf sheaths longer than 
internodes, smooth, glabrous. Ligule 0.2 mm long. Collar hairy. Auricles hairy. Hairs 
to 2 mm long. Leaf blades 5-12 cm long, 1-2 mm wide, smooth, glabrous adaxially, 
scaberulous, glabrous abaxially, involute, conduplicate or convolute or flat, setaceous 
or not setaceous, not coiled or flexuose at maturity. Inflorescence 5-20 cm long, 
0.5-2 cm wide, spiciform, continuous and dense or contracted or interrupted, stiffly 
erect to loosely erect, branches 1-2.5 cm long, branches bearing spikelets from 
base, branches bi-partitc, branches without pulvini, branches tightly appressed to 
loosely appressed, branches scabrous or scaberulous. Glumes normal. Lower glume 
3.5-6.5 mm long, 1 - nerved, glabrous, smooth, acute to acuminate, entire, aristulate. 
Arista 1-2 mm long. Upper glume 6-11 mm long, 1 -nerved, glabrous, smooth, acute to 
acuminate, entire, aristulate. Awn 0.5-1.5 mm long. Lemma 5.5-9 mm long, subequal 
to one or both glumes, distinctly longer than lower, subequal to upper or slightly 
longer than upper, convolute, smooth towards apex or scabrous only on keel, narrowed 
upwards, without an articulation or pseudoarticulation. Callus 0.5-1 mm long, hairs 
0.1-0.3 mm long. Column poorly developed, 1.5-2 mm long. Awns equal to subequal, 
loosely spreading. Median awn 9-18 mm long, not geniculate, terete, straight. Lateral 
awns 8-16 mm long, terete, straight. Fig. 1. 

Other specimens examined: Northern Territory: Nitmiluk National Park, Murrawal Plateau 
North, C.R. Michell 3718 (BRI, CANB, DNA, NSW); Nitmiluk National Park, Fergusson R. 
area, I.D. Cowie 9537 & A.K. Gibbons (BRI, DNA); Nitmiluk National Park, C.R. Michell 2952 
& S. Boyce (DNA); Adelaide River, headwaters of Anniversary Ck, l.D. Cowie 4658 (BRI, DNA, 
MEL). Queensland: Blackbraes National Park, 2.1 km from turn off from homestead, /. Kemp 
BLAC09D (BRI); Amelia Downs Sation, 0.3 km S along Amelia-Bluff fence, /. Kemp AMEL1 la 
(BRI). 

Derivation of epithet: named for Surrey Jacobs, Senior Principal Research Scientist 
at the National Herbarium of New South Wales (NSW) and recently deceased. He 
spent much of his time collecting grasses and water plants in tropical Australia and co¬ 
authored four editions of Grasses of New South Wales (Wheeler et al. 1984, 1990, 2002; 
Jacobs et al. 2008). 

Flowering and fruiting: March and April. 

Habitat: shale, quartzite and basalt soils in Eucalyptus or Corymbia woodland. 


A new species of Aristida L. (Poaceae) 


Telopea 13(1-2): 2011 


151 



Fig. 1. Aristida jacobsiana a, one culm, X 0.5; b, base of plant X 0.4; c, glumes X 16; d, lower glume 
X 16; e, upper glume X 16; f, lemma X 6.); g, glumes X 8; h, lower glume X 8; i, upper glume X 8- 
j> lemma X 4. (a-f from Michell 3717 (iso), BRI; g-j from Kemp BLAC09D, BRI). 
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Key to related species: 

Aristida jacobsiana may be keyed from other species in Section Macrocladae by the 


following key modified from Simon (2005). 

1 Lemma with a twisted column (sometimes reduced to a 'A spiral) 

2 Lower glume 3-7-nerved 

3 Awns similar. A. schultzii 

3: Awns dissimilar, median thicker and recurved at maturity . A. warburgii 

2: Lower glume 1-nerved 

4 Glumes differing in length by up to 2 mm. A. latifolia 

4: Glumes differing in length by 3-4 mm 

5 Inflorescence loose to open with branches naked at base. A. macroclada 

5: Inflorescence ± spike-like with branches bearing spikelets from base 

6 Column with at least 1 complete spiral.A. psammophila 

6: Column with only a 'A spiral 


7 Lemma apex smooth or scabrous only on the keel; 


inflorescence 2-5 cm wide.A. jacobsiana 

7: Lemma apex scaberolous all over; infloresecence 

0.5-2 cm wide.A. longicollis 


Distribution: Aristida jacobsiana is known from isolated localities from the top end 
of the Northern Territory (Adelaide River and Nitmiluk National Park) and north 
Queensland (Amelia Downs Station and Blackbraes National.Park) (Fig. 2). The 
species has a wide distribution in northern Australia but the Queensland and Northern 
Territory populations are disjunct. In the Northern Territory it is known from six 
locations with an extent of occurrence of c. 3880 km \ while in Queensland it is known 
from two locations less than 200 kms apart. While the species is apparently relatively 
uncommon, there are no apparent threats and six of the eight subpopulations occur in 
National Parks. It is likely that the species has been overlooked in general field surveys, 
especially those conducted during the dry season and it is probably more common 
than the records indicate. Although other abundance data are lacking, foliage cover 
values at sites where it was present in Nitmiluk National Park were low (<; 1 %). 

Notes: A. jacobsiana has the very short column of A. longicollis but the lemma is not 
scabcrulous all over at the apex, but scabrous only on the keel or the lemma apex is 
entirely smooth. The inflorescence is narrower (0.5-2 cm wide) than in A. longicollis 
(2-5 cm wide). Furthermore the lemma awns are shorter (9-18 mm long) than in 
A. longicollis (15-25 mm long) and the spikelets are generally smaller and more 
delicate. Although one of the grass species included in Grasses of New South Wales 
(Jacobs et al. 2008) is Aristida longicollis , the latter species does not occur in New South 
Wales and it is presently unknown what this material should be referred to. Aristida 
jacobsiana usually differs from A. psammophila by having a shorter column, with barely 
half a twist, as opposed to the full twist usually present in A. psammophila, and by the 
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Fig. 2. Distribution of Aristida jacobsiana in the Northern Territory and Queensland, Australia. 


awns being straight and not recurved, and shorter, than in A. psammophila. Aristida 
jacobsiana belongs to the Section Macrocladae B.K.Simon (Simon 1992), as do both 
A. lottgicollis and A. psammophila. The two Queensland specimens differ from the 
NorthernTerritory specimens in having larger spikelet dimensions (Fig.l) and they 
may represent a separate subspecies, but this will only be resolved by the collection of 
further material from other regions of both Queensland and the Northern Territory. 

Conservation Status: following the IUCN Red List (a conservation status of least 
concern (LC) is recommended for the NorthernTerritory. and data deficient (DD) for 
Queensland. 

(http://cn.wikipedia.org/wiki/lUCN_Rcd_List) 
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Summary 

Examination of species of Stipa having awns with plumose distal segments revealed reliable 
morphological characters for distinguishing infrageneric, specific and infraspecific taxa in the 
genus. As a result of our studies, we propose the following new combinations: Stipa sect. Stipa ser. 
Syreistchikovianae (Martinovsky) RM.Vazquez comb, et slat nov.-, Stipa arabica subsp. pamirica 
(Roshev.) F.M.Vazquez comb, etstat. nov.; Stipaglarcosa subsp. puhescens (P.A.Smirn. ex Roshev.) 
F.M.Vazquez slat, nov.; Stipa hohenackeriana subsp. assyriaca (Hand.-Mazz.) F.M.Vazquez 
comb, et stat. nov.; Stipa iberica var. bolosii (Romo, Sierra, L.Torres & Cervi) F.M.Vazquez & 
M.Gutierrez stat nov; Stipa majalis subsp. setulosissima (Klokov) F.M.Vazquez & M. Gutierrez 
comb, et stat. ttov.; Stipa oligotricha subsp. etrusca (Moraldo) F.M.Vazquez comb, et stat. nov.; 
Stipa pennata subsp. anomala (P.A.Smirn.) F.M.Vazquez & M. Gutierrez comb, et stat. nov.; 
Stipa pennata subsp. eriocaulis var. lutetiana (H.Scholz) F.M.Vazquez & M. Gutierrez stat. nov.; 
Stipa pennata subsp. puberula (Podp. & Suza) F.M.Vazquez & M. Gutierrez comb, et stat. nov.; 
Stipa rubetts subsp. rubentiformis (P.A.Smirn.) F.M.Vazquez & M.Gutierrez comb, et stat. nov.; 
Stipa zalesskii subsp . glabrata (P.A.Smirn.) F.M.Vazquez & M.Gutierrez comb, et stat. nov. and 
Stipa zalesskii subsp. macotica (Klokov & V.V.Osychnyuk) F.M.Vazquez & M.Gutierrez comb, 
et stat. nov.; and the name new: Stipa Jacobsii F.M.Vazquez nom. nov. The study also resulted 
in the recognition of the following new taxa: Stipa minuscula F.M.Vazquez sp. nov. and Stipa 
pennata subsp. slovaca F.M.Vazquez & M. Gutierrez subsp. nov. 


Introduction 

The taxonomy of the Stipeae (Poaceae) has been the focus of many research groups 
(Caro 8c Sanchez 1973; Kam 8c Maze 1974; Frcitag 1985; Barkworth 8c Everett 1987; 
Barkworth 1990, 1993; Jacobs 8c Everett 1996; Jacobs et al. 2000, 2006; Arriaga 8c 
Barkworth 2006; Romashchenko et al. 2007). The Stipeae Research Group is interested 
in the circumscription and appropriate position of its many generic and infrageneric 
taxa (Parodi 1944, Tzvelev 1974, Barkworth 1990, Jacobs et al. 1996, Penailillo 1997, 
Torres 1997, Rojas 1998, Barkworth 8c Torres 2001, Arriaga 8c Barkworth 2006, Vazquez 
8c Barkworth 2004, Barkworth et al. 2008). 
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The genus Stipa L. is a complex taxon that has been the subject of many studies, as a 
result of which many segregate taxa have been recognised, e.g., Achnatherum (Beauvois 
1812), Macrochloa (Kunth 1829), Nassella (Desveaux 1854), Cellica (Vazquez 8c 
Bartworth 2004), and Amelichloa (Arriaga 8c Barkworth 2006). Traditionally, Stipa was 
considered to be distributed in both the northern and southern hemispheres. However, 
recent treatments have (correctly, in our opinion) interpreted it as being restricted to 
the northern hemisphere (Barkworth 1990, Jacobs 8c Everett 1996) where it is found in 
Eurasia and northern Africa. Recent contributions to the taxonomy of the genus have 
been made by Martinovsky (1966, 1967, 1976; Central Europe and Northern Africa), 
Tzvelev (1974, 1997; Russia and related countries), Klovov et al. (1976; Ukraine), 
Freitag (1985; Southwest and South Asia), Moraldo (1986; Italy) and Vazquez et al. 
(1996,1997,2002,2007; Iberian Peninsula and Northern Africa). 

The greatest problem in clarifying the infrageneric taxonomy of Stipa is presented by 
the high diversity of the genus in Asia and North Africa and the difficulty in obtaining 
information for the plants in these regions. For the last few years, we have been studying 
the species of Stipa that have glabrous to shortly hairy columns and plumose distal 
segments. In this paper we present a revised infrageneric treatment for these species, 
including a key to the supraspecific taxa that we recognise and a list of the species and 
infraspecies that we include in each. 

Material and Methods 

This study is based on consideration of the taxonomic and nomenclatural history of 
species of Stipa having awns with plumose distal segments (hereafter the plumose 
species or PS), field work in Africa, Asia and Europe, specimens in ALME, BC, BM, G, 
GDAC, I ISS, JACA, K, MPU, MA, MAF, MGC, SEV, UNEX, VAB and Z (Thiers 2010) 
and study of nomenclatural types related to Stipa sect. Stipa, Stipa sect. Smirnovia 
Tzvelev and Stipa sect. Barbatae Junge, their incertc taxa, and synonyms (Appendix I). 

We examined 34 morphological characters (Appendix II) in 150 PS taxa. As a result 
of this examination, we developed a revised supraspecific classification for the species 
involved and constructed a key to identify the supraspecific taxa that we recognise. This 
is presented in the next section, followed by a list of the species and infraspecies that we 
include in each supraspecific taxon. 

Our study revealed some new taxa and the need to change the rank of some existing 
taxa. The new names and combinations required are presented within each list. There 
were some taxa that we can not place at this time because we were unable to locate the 
necessary specimens and descriptions. They are listed in Appendix III. 

The invalid and synonymous species and infraspecific names are not included because 
they will need a specific treatment with the typification, distribution range and 
biometry and molecular studies, which are not the objectives of this work. 

Results and discussion 

As a result of our study, we recognise three sections: Stipa sects. Stipa, Smirnovia and 
Barbatae. In addition, we recognise seven series, five in Stipa sect. Stipa and two in Stipa 
sect. Barbatae). The most important morphological characters for distinguishing the 
sections were: lemma morphology and size (characters 23,24, 25); callus morphology 
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and size (characters 21, 22); anther length (character 33); awn morphology and size 
(characters 26-29); and morphology of the leaf (characters 2,4, 5,6). Other characters 
with states that were frequently correlated with variation in the above characters were 
palea morphology and surface (characters 30, 31), lodicule shape (character 32), style 
number (character 34), ligule morphology and surface (characters 12, 13), and sheath 
surface (character 10). 


Taxonomy 

The supraspecific taxa we recognise are: 

1. Stipa L. sect. Stipa 

1.1 Stipa ser. Stipa 

1.2 Stipa ser. Atlanticae (Martinovsky) Klokov 

1.3 Stipa ser. Dasyphyllae Martinovsky 

1.4 Stipa ser. Syreistchikovianae (Martinovsky) F.M.Vazquez, 

1.5 Stipa ser. Tirsae Martinovsky 

2. Stipa sect. Smirnovia Tzvelev 

3. Stipa sect. Barbatae Junge 

3.1 Stipa ser. Barbatae lunge 

3.2 Stipa ser. Lessingianae Martinovsky 


1 . 

1 . 

2 . 

2 . 

3. 

3. 

4. 

4. 

5. 

5. 

6 . 
6 . 

7. 

7. 


Key for delimitation of Stipa sections and series studied 

Lemmas up to 12(13) mm long; awns up to 20 cm long, bigeniculate, distal segments 


with hairs up to 3.5 mm long; glumes up to 45 mm long (sect. Barbatae) .2 

Lemmas more than 14 mm long; awns (15)18-38(46) cm long, bigeniculate or 
unigeniculate, distal segments with hairs more than 3.5 mm long; glumes more 
than 35 mm.3 


Lemmas with lines of hairs; column of awn plumose, scabrid or smooth 


. ser .Barbatae 

Lemmas uniformly pubescent; column of awn glabrous. ser. Lessingianae 

Awns unigeniculate. sect. Smirnovia 

Awns bigeniculate (sect. Stipa) ...4 

Column of awns scabrid to plumose. ser. Syreistchikovianae 

Column of awns smooth or scabrid, glabrous.5 

Abaxial surface of the leaves smooth, glabrous. ser. Stipa 

Abaxial surface of the leaves scabrid or pubescent .6 

Leaf tips setaceous; lemmas up to 15 mm long.ser. Tirsae 

Leaf tips obtuse or acute; lemmas more than 14 mm long . 7 

Abaxial surface of the leaves pubescent or scabrid; blades 1.5-4 mm wide 

. ser. Dasyphyllae 

Abaxial surface of the leaves scabrid; blades 0.5-2 mm wide.ser. Atlanticae 
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1 . Stipa L. sect. Stipa 

Basal leaf blades 0.5—5 mm wide, smooth, pubescent or scabrid on the abaxial surface, 
with obtuse, acute, or setaceous tips. Lemmas more than 14 mm long, with longitudinal 
lines of hairs, the apices frequently lobed; awns more than 15 cm long, bigeniculatc, 
column smooth, scabrid, or pubescent, distal segments plumose with with hairs more 
than 3 mm long; anthers glabrous or with ciliate tips. 

1.1 Stipa L. ser. Stipa 
Synonyms: 

Stipa ser. Pulcherrimae Martinovsky, Webbia 20: 718-719. 1965. 

Stipa ser. Pulcherrimae subseries Eriocaules Martinovsky, Preslia 39: 272. 1967. 

Stipa ser. Pulcherrimae subseries Epilosae Martinovsky, Preslia 39: 272. 1967. 

Stipa ser. Pulcherrimae Martinovsky, Preslia 48(2): 187. 1976. 

Stipa ser. Paradoxae Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975:23.1976. 

Stipa ser. Anomalae Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975:29.1976. 

Stipa ser. Siculae Moraldo, Webbia 40(2): 211. 1986. 

Basal leaf blades 1.5—5 mm wide, abaxial surface smooth, tips obtuse to acute. Lemmas 
more than 17 mm long; awns more than 16 cm long, column smooth, distal segments 
with hairs more than 3.5 mm long. 

Taxa included 

1. Stipa almeriensis F.M.Vazquez, Acta Bot. Malac. 31: 78 (-80; figs. 2-3). 2006. 

2. Stipa apertifolia Martinovsky, Preslia 39: 274. 1967. 

a. Stipa apertifolia subsp. apertifolia 

a. Stipa apertifolia subsp. apertifolia var. apertifolia 

P. Stipa apertifolia subsp. apertifolia var. nevadensis F.M. Vazquez 8c Devesa, 

Acta Bot. Malacitana 21: 139. 1996. 

b. Stipa apertifolia subsp. apenninicola (Martinovsky 8c Moraldo) F.M.Vazquez 8c 
Devesa, Lagascalia 18(2): 323. 1996. 

c. Stipa apertifolia subsp. longiglumis (H.Scholz) F.M.Vazquez 8c Devesa, 

Lagascalia 18(2): 323. 1996. 

3. Stipa crassiculmis RA.Smirn., Repcrt. Spec. Nov. Regni Veg. 22: 375.1926. 

a. Stipa crassiculmis subsp. crassiculmis 

b. Stipa crassiculmis subsp. heterotricha G.Dihoru 8c N.Roman, Rev. Roum. Biol., Biol. 
Veg. 22(1): 24. 1977. 

c. Stipa crassiculmis subsp. picentina Martinovsky, Moraldo 8c G.Caputo, Delpinoa 
16-17: 186. 1976. 

4. Stipa epilosa Martinovsky, Preslia 39: 273. 1967. 

a. Stipa epilosa subsp. epilosa 

b. Stipa epilosa subsp. montana Moraldo, Webbia 40(2): 258. 1986. 
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5. Stipa jacobsii F.M.Vazquez, notn. nov. 

Diagnosis: species Africae septentrionalis incola similis S. apertifolia et S. almeriensi sed 
ambabus differt lamina 0.5-0.8 mm diam. (nec 0.7-1.5 mm), lemmate cum pilis 
pentastichtis (nec heptastichtis); a S. apertifolia lemmate 17-19 mm longo (nec 13-16 mm) 
et a S. almeriensis arista 21-24(26) cm longa (nec (26)29-41(46) cm) differt. Figure 1 

Holotype: Algerie: Aures et Djurdjura, 11 Jul 1892, D.L. Trabut (MPU!) (Basionym: Stipa 
petinata var. breviglumis Maire, FI. Afrique N. 2:71.1953; non Stipa breviglutnis J.M. Black, 
Trans. & Proc. Roy. Soc. South Australia 65: 333 1941.) 

Etymology: species dedicated to Surrey Wilfrid Laurence Jacobs (1946-2009), friend and 
excellent Australian botanist. 

Culms to 95 cm tall. Leaf sheaths glabrous; ligules of cauline leaves up to 6 mm long, acute, 
scabrous to pubescent; blades convolute, those of the vegetative shoots to 10 cm long and 
0.5-0.8 mm in diameter, abaxial surface smooth, upper surface scabrid; cauline blades to 
12 cm long. Panicle to 20 cm long, lax. Glumes subequal, linear, hyaline, pale green, usually 
5-veined, midvein setulose; lower glume (34—)39-50(-55) mm long, upper glume (35- 
)42—51 (—57) mm long; anthecium 21-26(-28) mm long; callus 4.5-5.5 mm long; lemma 
coriaceous, 17-19 mm long, with five lines of hairs; awn 21—24(—26) cm long, bigeniculate, 
with hairs 3.5-4.7 mm on bristle; column twisted; palea 15-17 mm long, smooth; lodicules 
three; ovary with 2 styles. Plants chasmogamous, flowering from June to July. 

6. Stipa ikonnikovii Tzvclev., Spis. Rast. Gerb. FI. SSSR 21 (111-114): 49. 1977. 

7. Stipa kirghisorum P.A.Smirn., Feddes Report. 21: 232. 1925. 

8. Stipa macroglossa P.A.Smirn., Feddes Report. 21: 234. 1925. 

a.'Stipa macroglossa f. macroglossa 

a. ” Stipa macroglossa f. pubescetis P.A.Smirn., Feddes Report. 21:235. 1925. 

9. Stipa majalis Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 43. 1976. 

a. Stipa majalis subsp. majalis 

b. Stipa majalis subsp. setulosissima (Klokov) F.M.Vazquez & M. Gutierrez comb, et 
slat. nov. (Basionym: Stipa setulosissima Klokov in Novosti Sist. Vyssh. Nizsh. Rast. 
(Kiev), 1975: 33. 1976.) 

10. Stipa tnayeri Martinovsky, Acta Hot. Croat. 30: 145. 1971. 

11. Stipa novakii Martinovsky, Feddes Repert. 73: 147. 1966. 

12. Stipa oreades Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 46. 1976. 

13. Stipa paradoxa P.A.Smirn., Bull. Jard. Bot. Princ. URSS 28: 525. 1929. 

a. Stipa paradoxa subsp. paradoxa 

b. Stipa paradoxa subsp. glabricostata Martinovsky, Bot. Jahrb. 87: 389. 1967. 

14. Stipa pennata L„ Sp. PL: 78. 1753. 

a. Stipa pennata subsp. pennata 

b. Stipa pennata subsp. anomala (P.A.Smirn.) F.M.Vazquez & M. Gutierrez, comb, et 
slat. nov. (Basionym: Stipa anomala P.A.Smirn., Del. Sem. Hort. Bot. Univ. Mosq., 
1930: 15. 1930.) 
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Fig- 1. Critical features of the newly described taxa in Slipa. S. apertifolia: a, flower, d, lemma 
hairs distribution (UNEX14479); S. jacobsii : b, flower; e, lemma hairs distribution (MPU; 
holotype); S. almeriensis : c, flower; f, lemma hairs distribution (GDAC26148); S. pennata subsp. 
pennata: g, (lower; i, lemma hairs distribution (M. Hrlulp, Z); S. pennata subsp. slovaca: h, flower; 
’ cmmj hairs distribution (BM; holotype); S. minuscula : k, glumes, m, flower (BM; holotype), 
• areosa. 1, glumes; n, flower (G. Fenzel , Z). Scale bars: a-j = 5mm, k-n = 1 mm. 
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c. Stipa pennata subsp. austriaca (C.Beck) Martinovsky 8c Skalicky, Preslia 41: 331. 

1969. 

d. Stipa pennata subsp. dvorakii Martinovsky & Moraldo, Preslia 52(1): 17. 1980. 

c. Stipa pennata subsp. eriocaulis (Borbas) Martinovsky 8c Skalicky, Preslia 41: 331. 1969. 
a. Stipa pennata subsp. eriocaulis var. eriocaulis 

P- Stipa pennata subsp. eriocaulis var. lutetiana (H.Scholz) F.M.Vazquez 8< M. 
Gutierrez, stat. nov (Basionym: Stipa eriocaulis subsp. lutetiana H.Scholz, 
Willdenowia 4: 299. 1968.) 

f. Stipa pennata subsp. lejophylla (P.A.Srnirn.) Tzvelev, Novosti Sist. Vyssh. Rast. 11: 18. 
1974. 

g. Stipa pennata subsp. lithophila (P.A.Srnirn.) Martinovsky, Preslia 44(1): 18. 1972. 

h. Stipa pennata subsp. slovaca F.M.Vazquez & M. Gutierrez, subsp. nov. 

Diagnosis: Species Europcae centrali incola S. pennatae subsp. pennatae similis sed 
differt lemmate sine auriculis et apice sine pilis, versus lemmate cum auriculis et apice 
piloso. Figure 1. 

Holotype: Flora du Jura de Gremien,Verbois a Tajomas, 30 May 1924, /. Briquet 
3149 ( BM). 

Culms 45 cm tall. Leaf sheaths glabrous; ligules of cauline leaves to 7.3 mm long, 
acute, scabrous to pubescent; blades convolute, those of the vegetative shoots to 
51 cm long, 0.6-0.7 mm in diameter, abaxial surface smooth, adaxial surface 
scabrid; cauline leaves to 9 cm long. Panicle up to 20 cm long, lax. Glumes 
subequal, linear, hyaline, pale green, usually 5-veined, midvein setulose; lower 
glume 45-50(-55) mm long; upper glume (45—)48—55(—60) mm long; anthecium 
15—18(—20) mm long; callus 3.5—4.5 mm long; lemma 12—14(—15) mm long, 
coriaceous, with 5 lines of hairs extending to midlenth; awn 20-26(-28) cm long, 
bigeniculate, column twisted smooth, distal segments with hairs up 5-6.8 mm long; 
palea 12-13 mm long, smooth; lodicules 3; ovary with 2 styles. Plants 
chasmogamous, flowering from May to July. 

i. Stipa pennata subsp. okensis (P.A.Srnirn.) F.M.Vazquez & M. Gutierrez, comb, et stat. 
nov. (Basionym: Stipa joannis f. okensis P.A. Smirn., Rab. Biol. Stancii I, III n° 2,3.1925.) 

j. Stipa pennata subsp. puberula (Podp. 8c Suza) F.M.Vazquez 8c M. Gutierrez, comb, 
et stat. nov. (Basionym: Stipa joannis var. puberula Podp. 8c Suza, Sp. Prirod. Fak. 
Masar. Univ. Brno 12: 7. 1922.) 

15. Stipa pulcherrima C.Koch, Linnaea 2 1: 440. 1848. 

a. Stipa pulcherrima subsp. pulcherrima 

a. Stipa pulcherrima subsp. pulcherrima var. pulcherrima 

a.’ Stipa pulcherrima subsp. pulcherrima var. pulcherrima f. pulcherrima 

a’.' Stipa pulcherrima subsp. pulcherrima var. pulcherrima f. nudicostata 
Martinovsky, Preslia 48: 187. 1976. 

p. Stipa pulcherrima subsp. pulcherrima var. alagezica Tzvelev, Kompekl 
FI. Kavkaza 2: 353. 2006 

y. Stipa pulcherrima subsp. pulcherrima var. karadagensis Tzvelev, Byull. 
Moskovsk. Obshch. Isp. Prir., Old. Biol. 91(1): 121. 1986. 
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b. Stipa pulcherrima subsp. bavarica (Martinovsky 8c Scholz) Conert in G. Hegi, 
Illustr. FI. Mitteleur., cd. 3, 1 (3: Lief. 6): 425. 1992. 

c. Stipa pulcherrima subsp. glabrinoda (Klokov) Tzvclev, Bot. Zhurn. (Moscow & 
Leningrad) 78(10): 94. 1993. 

d. Stipa pulcherrima subsp. palatina H.Scholz 8c Korneck, Kochia 2: 2 (1-7; fig. 1). 
2007. 

16. Stipa rechingeri Martinovsky, Preslia 44:10. 1972. 

17. Stipa rigida Martinovsky, Preslia 39: 273-274. 1967. 

18. Stipa sabulosa (Pacz.) Sljussarenko, Tr. Nauc. Issled. Inst. Biol. Fakult. Charkov. Gosud 
Univ. 37: 26. 1963. 

a. Stipa sabulosa subsp. sabulosa 

b. Stipa sabulosa subsp. gerrnanica (Endtmann) Martinovsky 8c Rauschert in 
Martinovsky, Preslia 48: 187.1976. 

19. Stipa sicula Moraldo, V.La Valva, M.Ricciardi 8c G.Caputo, Delpinoa n.s. 23-24: 139. 
1985. 

20. Stipa turcica Martinovsky, Preslia 39: 273. 1967. 

21. Stipa veneta Moraldo, Webbia 40(2): 238. 1986. 

1.2 Stipa ser. Atlanticae (Martinovsky) Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 
1975:32-33. 1976. 

Basionym: 

Stipa ser. Pulcherrimae subseries Atlanticae Martinovsky, Preslia 39: 272. 1967. 

Basal leaves 0.5-2 mm wide, abaxial surface scabrid, tip obtuse to acute. Lemma more 
than 15 mm long, with longitudinal lines of hairs, without apical lobes. Awn more than 
16 cm, long bigeniculatc, column smooth, distal segments with hairs more than 3.5 mm 
long. Anthers glabrous. 

Taxa included 

1. Stipa asperella Klokov 8c V.V.Osychnyuk, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 35. 
1976. 

2. Stipa atlantica P.A.Smirn., Feddes Repert. 26: 270. 1929. 

3. Stipa austroitalica Martinovsky, Webbia 20: 723. 1965. 

a. Stipa austroitalica subsp. austroitalica 

b. Stipa austroitalica subsp. appendiculata (Celak.) Moraldo, Webbia 40(2): 254. 1986. 

c. Stipa austroitalica subsp. theresiae Martinovsky 8c Moraldo, Preslia 52: 18. 1980. 

4. Stipa endotricha Martinosvky, Preslia 44: 12. 1972. 

5. Stipa iberica Martinovsky, Feddes Repert. 73: 150. 1966. 

a. Stipa iberica var. iberica 

P- Stipa iberica var. austro-iberica (H.Scholz) F.M.Vazquez & Dcvesa, Acta Bot. 
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Malacitana 21: 142. 1996. 

y. Stipa iberica var. bolosii (Romo, Sierra, L.Torres & Cervi) F.M.Vazquez & 

M.Gutierrez star. nov. (Basionym: Stipa iberica subsp. bolosii Romo, Sierra, 
L.Torres & Cervi, Act. Bot. Barcin. 45: 214. 1998.) 

6. Stipa iberica var. pseudodasyphylla (Martinovsky) F.M.Vazquez & Devesa, 

Acta Bot. Malacitana 21: 141. 1996. 

e. Stipa iberica var. pygmaea Martinovsky, Anal. Inst. Bot. Cavanilles 27: 74. 

1970. 

6. Stipa oligotricha Moraldo, Webbia 40(2): 248. 1986. 

a. Stipa oligotricha subsp. oligotricha 

b. Stipa oligotricha subsp. etrusca (Moraldo) F.M.Vazquez comb, et stat. nov (Basionym: 
Stipa etrusca Moraldo, Webbia 40(2): 236. 1986.) 

c. Stipa oligotricha subsp. kietnii (Martinovsky) Moraldo, Webbia 40(2) 250. 1986. 

7. Stipa pauneroana (Martinovsky) F.M.Vazquez & Devesa, Acta Bot. Malacitana 21:143. 
1996. 

8. Stipa styriaca Martinovsky, Oesterr. Bot. Z. 118: 179. 1970. 

a. ’ Stipa styriaca f. styriaca 

a. ” Stipa styriaca f. melzeri Martinovsky, Oesterr. Bot. Z. 118: 179. 1970. 

1.3 Stipa scr. Dasyphyllae Martinovsky, Preslia 47(3): 260. 1975; Preslia 48(2): 186. 
1976. 

Synonyms: 

Stipa ser. Rubentes Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 64. 1976. 

Stipa ser. Poeticae Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 56.1976. 

Basal leaves 1.5^1 mm wide, abaxial segment pubescent or scabrid, tip obtuse or acute. 
Lemma more than 16 mm long, with lines of hairs, apex not lobed. Awn more than 17 
cm long, bigeniculate, column smooth to scabrid, distal segments with hairs more than 
4 mm long. Anthers glabrous. 

Taxa included 

1. Stipa araxensts Grossh., Beih. Bot. Centralbl. 44(2): 200. 1927. 

2. Stipa bavarica Martinovsky 8< 1 l.Scholz, Willdenowia 4: 322. 1968. 

3. Stipa canescens P.A.Smirn. ex Roshev., FI. URSS 2: 101,741. 1934. 

4. Stipa ciasyphylla (Czern. ex l.indem.) Trautv., Trudy Imp. S.-Peterburgsk. Bot. Soda 9: 350.1884. 

a. Stipa dasyphylla var. ciasyphylla 

[5. Stipa dasyphylla var. eriosoma (Borbas) Soo, Acta Bot. Acad. Sci. Hung. 

17(1-2): 123. 1972. 

5. Stipa fallacina Klokov & V.V.Osychnyuk, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 

62. 1976. 
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6. Stipa graniticola Klokov., Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 68. 1976. 

7. Stipa ketnpirica Kotukhov, Bot. Zhurn. (Moscow & Leningrad) 79(7): 101. 1994. 

8. Stipa krascheninnikowii Roshev., Mat. Commiss. Expcd. Invest. Acad. Sci. Kazakh. Ser. 
5:253.1928. 

9. Stipa poetica Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 57. 1976. 

10. Stipa pontica P.A.Smirn., Feddes Repert. 26: 268. 1929. 

11. Stipa ruhens P.A.Smirn., Feddes Repert. 21: 231. 1925. 

a. Stipa rubens subsp. rubens 

b. Stipa rubens subsp. rubentiformis (P.A.Smirn.) F.M.Vazquez 8c M.Gutierrez comb, et 
stat. nov. (Basionym: Stipa rubentiformis P.A.Smirn., Acta Acad. Sci. Imp. Petrop. 40: 

115, in obs. 1928.) 

c. Stipa rubens subsp. sublevis Martinovsky, Preslia 44(1): 21. 1972. 

12. Stipa smirnovii Martinovsky, Preslia 47: 260. 1975. 

13. Stipa turkestanica Hack., Trudy Imp. S.-Peterburgsk. Bot. Sada 26: 59. 1906. 

a. Stipa turkestanica subsp. turkestanica 

b. Stipa turkestanica subsp. trichoides (P.A.Smirn.) Tzvelev, Novosti Sist. Vyssh. Rast. 11: 
17. 1974. 

14. Stipa ucrainica P.A.Smirn., Feddes Repert. 22: 374. 1926. 

15. Stipa zalesskii Wilensky, Dnevn. Vseross. S"ezda Russk. Bot. 1: 41. 1921. 

a. Stipa zalesskii subsp. zalesskii 

b. Stipa zalesskii subsp. glabrata (P.A.Smirn.) F.M.Vazquez & M.Gutierrez comb, et 
stat. nov. (Basionym: Stipa dasyphylla var. glabrata P.A.Smirn., Mittheil. Zentr. 

Biol. St: 41. 1921.) 

c. Stipa zalesskii subsp. maeotica (Klokov & V.V.Osychnyuk) F.M.Vazquez & 

M.Gutierrez comb, et slat. nov. (Basionym: Stipa maeotica Klokov 8c 
V.V.Osychnyuk, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 60. 1976.) 

d. Stipa zalesskii subsp. turcomanica (P.A.Smirn.) Tzvelev, Novosti Sist. Vyssh. Rast. 

11: 18. 1974. 

1.4 Stipa ser. Syreistchikovianae (Martinovsky) F.M.Vazquez comb, et stat nov. 
Basionym: 

Stipa ser. Pulcherrimae subseries Syreistchikovianae Martinovsky, I reslia 49(2). 
100.1977. 

Basal leaves 0.5—2.5 mm wide, abaxial surface smooth or scabrid, tip obtuse. Lemma 
more than 14 mm long, with lines of hairs, apex not lobed. Awn more than 14 cm 
long, bigcniculate, column pubescent, distal segments with hairs more than 3 mm long. 
Anthers glabrous. 
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Taxa included 

1. Stipa brachyptera Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 26. 

1976. 

2. Stipa danubialis Dihoru & Roman, Rev. Roumaine Biol., Ser. Bot., 24: 26. 1969. 

3. Stipa iljinii Roshev., Bull. Jard. Bot. Acad. Sc. URSS, 30: 294. 1932. 

4. Stipa martinovskyi Moraldo, Webbia 37(1): 25. 1983. 

5. Stipa syreistschikovii RA.Smirn., Del. Sem. Hort. Bot. Univ. Mosq. 1948: 36. 1948. 

6. Stipa transcarpatica Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 54.1976. 

7. Stipa transcaspica Roshev. ex Czerniak., Bull. Jard. Bot. Princ. URSS, 26: 257. 1927. 

1.5 Stipa ser. Tirsae Martinovsky, Preslia 48(2): 186 (1976) 

Synonym: 

Stipa scr. Stenophyllae Klokov, Novosti Sist. Vyssh. Nizsh. Rast. (Kiev), 1975: 81. 
1976. 

Basal leaves 0.5-2 mm wide, abaxial surface scabrous, tip. Lemma more than 14 mm 
long,with linesofhairs, apex frequently lobed. Awn more than 16cmlong,bigeniculate, 
column smooth, distal segments with hairs more than 3 mm long. Anthers glabrous. 

Taxa included 

1. Stipa cretacea RA.Smirn., Bull. Soc. Nat. Moscou, Ser. 2, 49(1): 90. 1940. 

2. Stipa longifolia Borbas, Magy. Nov. Lapok. 10: 117. 1886. 

3. Stipa stenophylla (Czern ex Lindem.) Trautv., Acta Horti Petrop. 9: 351. 1884. 

4. Stipa tirsa Steven, Bull. Soc. Nat. Moscou 30(2): 115. 1857. 

a. Stipa tirsa subsp. tirsa 

b. Stipa tirsa subsp. albanica Martinovsky, Preslia 44: 22. 1972. 

2. Stipa sect. Smirnovia Tzvelev, Novosti Sist. Vyssh. Rast. 11:20.1974. 

Synonym: 

Stipa sect. Subsmirnovia Tzvelev, Bot. Zhurn. (Moscow & Leningrad) 78(10): 
94. 1993. 

Basal 1-5 mm wide, abaxial surface smooth or scabrid, tip obtuse or acute. Lemma more 
than 14 mm long, seriated, apex unlobed. Awn more than 12 cm long, unigcniculate, 
column smooth, or scabrid, distal segments with hairs more than 3.5 mm long. Anthers 
glabrous. 
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Taxa included 

1. Stipa alaica Pazij, Opred. Rast. Sred. Azii 1: 76,200. 1968. 

2. Stipa bella Drobow, Repert. Spec. Nov. Regni Veg. 21: 37. 1925. 

3. Stipa caucasica Schmalh., Ber. Deutsch. Bot. Ges. 10: 293. 1892. 

a. Stipa caucasica subsp. caucasica 

b. Stipa caucasica subsp. desertorum (Roshev.) Tzvelev, Novosti Sist. Vyssh. Rast. 11: 20. 
1974. 

c. Stipa caucasica subsp. drobovii Tzvelev, Novosti Sist. Vyssh. Rast. 11: 20. 1974. 

d. Stipa caucasica subsp. iskandcrkulica Tzvelev, Novosti Sist. Vyssh. Rast. 11: 20. 1974. 

4. Stipa gaubae Bor, FI. Iranica [Rechinger] 70: 388. 1970. 

5. Stipa glareosa P.A.Smirn., Repert. Spec. Nov. Regni Veg. 26: 266. 1929; Bull. Soc. Nat. 
Mosc., Sect. Biol., n.s. 38: 12. 1929. 

a. Stipa glareosa subsp. glareosa 

a. Stipa glareosa subsp. glareosa var. glareosa 

[?. Stipa glareosa subsp. glareosa var. langshanica Y.Z.Zhao, Acta Sci. Nat. Univ. 
Intramongolicae , 23(4): 546. 1992. 

b. Stipa glareosa subsp. pubescens (P.A.Smirn. ex Roshev.) F.M.Vazquez slat. nov. 
(Basionym: Stipa glareosa f. pubescens P.A.Smirn. ex Roshev., Fl. URSS 2: 90. 1934.) 

6. Stipa gobica Roshev., Not. Syst. Herb. Hort. Petrop. 5: 13. 1924. 

7. Stipa karataviensis Roshev., B. Fedtsch. Fl. Asiat. Ross. 12:159. 1916. 

8. Stipa klemetizii Roshev., Not. Syst. Herb. Hort. Petrop. 5: 12. 1924. 

9. Stipa kopetdaghensis Czopanov, Novit. Syst. Pi. Vase., Acad. Sci. URSS, 6: 22. 1970. 

10. Stipa lingua Junge, Bull. lard. Bot. Petersb. 10: 129. 1910. 

11. Stipa lipskyi Roshev., B. Fedtsch. Fl. Asiat. Ross. 12: 153. 1916. 

12. Stipa longiplumosa Roshev. ex Komarov & Roshev., Trudy Bot. Inst. Akad. Nauk S.S.S.R., 
Ser. 1, Fl. Sist. Vyssh. Rast. 2:91. 1936. 

13. Stipa magnifica Junge, Bull. Jard. Bot. Petersb. 10: 128.1910. 

14. Stipa manrakica Kotukhov, Bot. Zhurn. (Moscow & Leningrad) 74(3): 414. 1989. 

15. Stipa minuscula F.M.Vazqucz, sp. nov. 

Diagnosis: species Asiae centralis incola S. glareosae similis a qua differt glumis 

14-18(20)mmlongis(nec20-30mm);lemmatibus3.5-4.5mmlongis(nec8-9mm)etaristis 

4-5.5 cm longis (ncc 5.5-7 cm). Figure 1. 

Holotype: Tibet: Plants of the North-Eastern partofthcQinghai-Xizang(Tsinghai-1 ibet) 
Plateau, C.G. 81-0362 8 (collector not identified) (BM, left hand specimen). 

Culms to 19 cm tall. Leaf sheaths glabrescent or pilose; ligulcs of the cauline blades up to 
1.5 mm long, acute, scabrous; blades convolute, those of the vegetative shoots up to 5 cm 
long, 0.5-0.7 mm in diameter, abaxial surface smooth, adaxial surface scabrid; cauline 
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blades up to 3 cm long. Panicle to 14 cm long, lax. Glumes subequal, linear, hyaline, pale 
green, usually 3-vcined, the midvein setulose; lower glumes 14—17 mm long; upper glumes 
15 — 18(—20) mm long;anthecium 4-6 mm long; callus 1-1,5 mm long; lemma 3.5-4.5 mm 
long,coriaceous, uniformly pubescent; awn 4—5.5 cm long, unigeniculate, column twisted, 
distal segment plumose with hairs 2.7-3. 8 mm long; palea 3-4.2 mm long, smooth; 
lodicules three; ovary with 2 style branches. Plants chasmogamous, flowering in July. 

16. Stipa mongolorum Tzvelev, Akaci. Nauk SSSR Bot. Inst. Komarova, Rast. Tsentral. Azii 
Fasc. 4: 57. 1968. 

17. Stipa nachiczevanica Musajcv 8c Sadychov, Novosti Sist. Vyssh. Rast. 14:4.1977. 

18. Stipa ovczitmikovii Roshev. ex Komarov 8c Roshev., Trudy Bot. Inst. Akad. Nauk S.S.S.R., 
Ser. 1, FI. Sist. Vyssh. Rast. 2:92. 1936. 

19. Stipa platypoda Bor, K. Danske Vid. Selsk., Biol. Skrift. 24(4)(Synb. Afghan. VI.): 81. 

1965. 

20. Stipa talassica Pazij, Not. Syst. Herb. Inst. Bot. & Zool. Acad. Sci. Uzbekistan 10: 21. 1948. 

21 .Stipa tianschanica Roshev., B. Fedtscli. FI. Asiat. Ross. 12: 149. 1916. 

22. Stipa wulateica (Y.Z.Zhao) Y.Z.Zhao, Acta Sci. Nat. Univ. Neimonggol 27(2): 211. 1996. 

23. Stipa x gegarkunii P.A.Smirn., Byull. Moskovsk. Obshch. Isp. Prir. Otd. Biol. ti. s., Biol. 
75(4): 114. 1970. pro spec. 

3. Stipa sect. Barbatae Junge, Bull. Jard. Bot. Petersb. 10: 130. 1910. 

Basal leaves 0.3-3 mm wide, abaxial surface smooth, pubescent, or scabrous, tip obtuse 
or acute. Lemma up to 13 mm long, with lines of hairs or uniformly pubescent, apex 
unlobcd. Awn up to 20 cm long, bigeniculate, column scabrid to pubescent, distal 
segments with hairs up to 3.5 mm long. Anthers glabrous or ciliate. 

3.1 .Stipa sect. Barbatae ser. Barbatae Junge 

Synonyms: 

Stipa ser. Barbatae Moraldo, Webbia 40(2): 211. 1986. 

Stipa sect. Subbarbatae Tzvelev, Bot. Zhurn. (Moscow 8c Leningrad) 78(10): 

94. 1993. 

Basal leaves 0.3-3 mm wide, abaxial surface smooth, pubescent, or scabrid, tip obtuse 
or acute. Lemma up to 13 mm long, with lines of hairs, apex unlobcd. Awn up to 18 cm 
long, bigeniculate, column scabrid to pubescent, distal segments with hairs up to 3 mm 
long. Anther glabrous or ciliate. 

Taxa included 

1. Stipa aktauensis Roshev., Bull. Jard. Bot. Acad. Sc. URSS 30: 302. 1932. 

2. Stipa alba F.M.Vazquez 8c S.Ramos, Bot. /. Linn. Soc. 153(4): 443 (fig. 2). 2007. 

3. Stipa arabica Trin. 8c Rupr., Mem. Acad. Imp. Sci. Saint-Petersbourg, Ser. 6, Sci. Math., 
SecondePt. Sci. Nat. 5: 77.1842. 
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a. Stipa arabica subsp. arabica 

a. Stipa arabica subsp. arabica var. arabica 

(3. Stipa arabica subsp. arabica var. turgaica (Roshev.) Tzvelev, Zlaki SSSR: 584. 

1976. 

b. Stipa arabica subsp. caspia (K.Koch) Tzvelev, Novosti Sist. Vyssh. Rast. 11: 16. 1974. 

c. Stipa arabica subsp. koetiigii (Woronow) Tzvelev, Rot. Zhurn. (Moscow & Leningrad) 
78(10): 93. 1993. 

d. Stipa arabica subsp. pamirica (Roshev.) F.M.Vazquez, comb, etstat. nov. (Basionym: 
Stipa pamirica Roshev., Rot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 11: 
20. 1949.) 

e. Stipa arabica subsp. prilipkoana (Grossh.) Tzvelev, Novosti Sist. Vyssh. Rast. 11: 16. 
1974. 

4. Stipa barbata Desf., FI. Atlant. 1: 97, t. 27. 1798. 

a. Stipa barbata subsp. barbata 

b. Stipa barbata subsp. brevipila (Coss. & Durieu) F.M.Vazquez & Devesa, Bot. J. Linn. 
Soc. 124(2): 202. 1997. 

5. Stipa cacuminis H.Scholz & Parolly, Willdenowia 34(1): 151; fig. 3. 2004. 

6. Stipa gnezdilloi Pazij, Opred. Rast. Sred. Azii 1: 77,201. 1968. 

7. Stipa hohenackeriana Trin. & Rupr., Sp. Gram. Stip. 80. 1842. 

a. Stipa hohenackeriana subsp. hohenackeriana 

b. Stipa hohenackeriana subsp. assyriaca (Hand.-Mazz.) F.M.Vazquez, comb, et stat. 
nov. (Basionym: Stipa assyriaca Hand.-Mazz .,Ann. Nat. Hofmus. Wien 28: 26. 1914.) 

8. Stipa orientalis Trin. ex Ledeb., FI. Altaic. [Ledebour] 1: 83.1829. 

9. Stipa subbarbata Keller, Bot. Geogr. Invest., Zaisan Country Semip. Reg. 2: 53. 1912. 

10. Stipa subsareptana B.Keller, Vegetationsbilder 28(Heft 4): 4. 1927, in obs. 

1 L Stipa zaissanica Kotukhov, Bot. Zhurn. (Moscow & Leningrad) 76(6): 873. 1991. 

3.2. Stipa sect. Barbatae ser. Lessingianae Martinovsk^, Preslia 48(2): 186. 1976. 

Basal leaves 0.5—3 mm wide, abaxial surface smooth or scabrid, tip obtuse or acute. 
Lemma up to 14 mm long, uniformly pubescent, apex unlobed. Awn up to 20 cm long, 
bigeniculate, column scabrid to pubescent, distal segments with hairs up to 3.5 mm 
long. Anthers smooth or ciliatc. 

Taxa included 

Stipa armeniaca P.A.Smirn. ex Roshev., FI. URSS 2: 92, Add. 740. 1934. 

2. Stipa himalaica Roshev., Not. Syst. Herb. Hort. Petrop. 5: 11. 1924. 

3. Stipa isoldeae H.Scholz, Willdenowia 19(1): 127. 1989. 
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4. Stipa lessingiana Trin. & Rupr., Sp. Gram. Stip. 79. 1842. 

a. Stipa lessingiana subsp. lessingiana 

a. Stipa lessingiana subsp. lessingiana var. lessingiana 

(f. Stipa lessingiana subsp. lessingiana var. zederbaueri Hackel, Ann. Nat. Hofmus. 
Wien 20: 429. 1905. 

b. Stipa lessingiana subsp. brauneri Pacz., Zap. Krymsk. Obsc. Estestv. 5: 151.1916. 

5. Stipa purpurea Griseb., Nadir. Ges. Wiss. Gottingen. 1868: 82. 1868. 

6. Stipa roborowskyi Roshev., Bot. Mater. Gerb. glavn. hot. Sada. 1(6): 1. 1920. 

7. Stipa saikanica Kotukhov, Turczaninowia 1(2): 10. 1998. 

8. Stipa saurica Kotukhov, Bot. Zhurn. (Moscow 8c Leningrad) 79(7): 103. 1994. 


Discussion and conclusions 

As a result of our study, we recognise 55 species and 42 non-autonymic infraspecies in 
Stipa sect. Stipa, 23 species and 5 infraspecies in Stipa sect. Smirtiovia, and 19 species 
and 9 infraspccics in sect. Barbatae. The taxa differ principally in the characteristics of 
their leaves, awns, and lemmas. Of the species in Stipa sect. Stipa, S. pennata was the 
most diverse, with 10 different subspecies, followed by S. zalesskii and S. pulcherritna 
with four subspecies. In sect. Barbatae, the most variable species is S. arabica with five 
subspecies. 

The sections differ in their distribution as well as their morphology. Stipa sect. Stipa 
is found through Eurasia; Stipa sect. Barbatae has a similar distribution but grows at 
lower elevations. Stipa sect. Smirnovia differs in being restricted to Asia. 
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Appendix I 

Selection of material studied; type specimens and significant collections. 

Stipa aktauensis Roshev. Russia: Desertum Kysylkum, K. Muravlpatisky , 3 Jun 1932, G. 

Stipa alba F.M.Vazquez 8c S.Ramos. Tunez: Beni M’l lira, near Tataouine, M. Visser , Apr 1996, 
HSS 11867. 

Stipa almeriensis EM.Vdzquez. Spain: Almcria: Minas Almagrera,/. Guirado , 19 Jun 1984, ALME 
17433. Granada: Sierra de Baza, without collector, 17 Jul 1984 GDAC 26148. 

Stipa apertifolia Martinovsky. Spain: Albacete: Sierra Alcaraz, P.F. Cannon et al., 24 Jun 1979, 
SEV 52227. Granada: Granada, Dornajo, S. Garcia et al., 24 Aug 1989, UNEX 14479. Malaga: 
Sierra Almijara, M. Laza , 7 Jul 1935, M AF 29011. 

Stipa apertifolia subsp. apenninicola (Martinovsky 8c Moraldo) EM.Vazquez 8c Devesa. Italy: M. 
Alburini, B. Moraldo et al., without dates, G283486. 

Stipa apertifolia var. nevadensis F.M.Vazquez 8c Devesa. Spain: Granada: Sierra de Baza, /. Torres 
et al., 10 Jul 1984, GDAC 26143. 

Stipa arabica subsp. koenigii (Woronow) Tzvelev. Armenia: Eviran, B. Schischiv, 5 Jun 1915, BM. 
Russia: Diza.A. Grosheim, 4 Jun 1947, BM. 

Stipa arabica Trill. 8c Rupr. Israel: Negev, /. Angelis&A. Grizi, 27 Mar 1952, Z. Sinai, W. Schimper, 
15 May 1835, Z. Russia: Tiflis, A. Grossheim, 20 May 1820, Z. 

Stipa araxensis Grossh. Armeria: Seva, P. Smirnow , 23 Aug 1929, G. 
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Stipn citlanticci P.A.Smirn. Morocco: Alhucemas, M. Gandoger, Jul 1908, G 6932-1. 

Stipn austroitalica Martinovsky. Italy: Verona, Pedicina, without dates, Z; Lecceta, B. Moraldo et 
al.,2\ May 1978, G 283488. 

Stipn austroitalica subsp. appendiculata (Celak.) Moraldo. Italy: Sicily: Termini, M. Parlatore, 
1844, G 5998-97. 

Stipa barbata Desf. Spain: Albaccte, Almansa, P. Font Quer, 31 Jun 1919, BC 90043. Granada, 
Cuellar, F.M. Vazquez, 27 Apr 1990.UNEX 14512. Madrid, Aranjuez, A. Rodriguez, 12 Jun 1962, 
SEV 6667. 

Stipa barbata subsp. brevipila (Coss. 8c Durieu) F.M.Vazquez 8c Devesa. Morocco: Itzer, 
C. Blanche ital., 3 Jun 1985, M A 340534; Ksar-es-Souk: Col dcTizi,/. MoleroetaL, 14 Jun 1988, 
MA 537928. 

Stipa bavarica Martinovsky 8c H.Scholz. Austria: Moravia, H. Suza, Jun 1911, G 452882(1). 

Stipa bella Drobow. Russia: Kazakh,/.A. Kotokhov, 8 Jun 1984, K. 

Stipa canescens P.A.Smirn. ex Roshev. Armcria: Seram, O. Polianska, 19 Feb 1930, K . 

Stipa caucaska Schmalh. Iran: Abadch, H.S.L. Gertry 14983, 8 Jun 1955, K. Mongolia: Ikhen- 
gung, F. Muhletiweg, 17 Jun 1931,BM. Russia, Podkumk A. Gordjagin, 1912, BM. 

Stipa caucaska subsp. desertorum (Roshev.) Tzvelev. Russia: Prshewalsk, R.J. Roshevitz 574, 1908, K. 

Stipa cretacea P.A.Smirn. Russia: Sirotinskaja, P. Stnirnow, 8 Jun 1938, G 18734. 

Stipa dasyphylla (Czern. ex Lindem.) Trautv. Austria: Moravia, II. Suza, Jun 1911, Z. Hungary: 
Budapest, Z. Karpati, 26 May 1935, Z; Buda-Ujlak, Simonkai, without dates, Z. 

Stipa endotricha Martinosvky. France: Montpellier, Handoy, 21 May 1893, BM. Switzerland: 
Wallis, F.O. Wolf, May 1900, MA 291399. 

Stipa epilosa Martinovsky. Turkey: Ankara, F. Mattkgraf, 15 Jun 1958, Z. 

Sttpa glareosa P.A.Smirn. Afghanistan: Ghazni, K.II. Rechinger, 6 Jul 1962, Z. Kansu, G. Fenzel, 
25 Jul 1935, Z. Russia: Mohrom, Hocomob, 23 Aug 1944, K. 

Stipa glareosa subsp. pubescens (P.A.Smirn. ex Roshev.) F.M.Vazquez. Afghanistan: Ghazbi, K.H. 
Rechinger, 6 Jul 1962, G 46172. 

Stipa gobica Roshev. Mongolia: Wang, in “Gobi”, /. Eriksson, 19 Jun 1934, BM. 

Stipa himalaica Roshev. China:Tibet: Tsumgals, Schlagintweit, 9 Jul 1856, BM. Pakistan: Baltistan, 
11 ■ Ibirlmann, 19 Jun 1962, Z; Bezirk Shigar, E. Reiser, 13 Jun 1962, Z. 

Stipa hohenackeriana Trin. 8c Rupr. Afghanistan: f.E.T. Aitchison, 1884-85, BM. Iran: Kaserem, 
O. Staf 1885, BM; Halkedar, K.H. Rechinger, 15 Jun 1937, BM. 

Stipa iberica Martinovsky. Spain: Albaccte: Alpera, E. Villanueva et al., 27 May 1987, MA 428056. 
Guadalajara: Alcolea Del Pinar, S. Garcia et al., 16 Jun 1990, UNEX 14434. Segovia: Garbayosa, 
S. Garcia et al., 16 Jun 1990, UNEX 14450. 

Stipa iberica var. austro-iberica (H. Scholz.) F.M.Vazquez 8c Devesa . Spain: Albaccte: Penascosa, 
without collector, 25 Jun 1984, MA 330621. Jacn: Sierra de Mcigina, H. Em, 8 Jul 1979, B. 

Stipa iberica var. pseudodasyphylla (Martinovsky) F.M.Vazquez 8c Devesa. Spain: Lerida: 
Rocallaura, P. Font Quer, 2 Jun 1932, BC 90020. 

Stipa ikonnikovii Tzvelev. Russia: Badachsham, S. Ikonnikov, 5 Aug 1957, K. 



Classification of species of Stipa 


Telopea 13(1-2): 2011 


173 


Stipajacobsii F.M.Vazquez. Algcric: Aureset Djurdjura, D.L. Trabut, 1 ljul 1892,MPU (Holotype). 

Stipa kirghisorutn P.A.Smirn. Pakistan: Gilgit, G.M. Giles, 23 Jul 1885, K. Russia: Attei, Resniezenko, 
20 Jun 1900, K. 

Stipa klemenzii Roshcv. Russia: Monrones, H. Ucarenow et ai, 29 Jul 1971, K. 

Stipa lessingtana Trin. & Rupr. Russia: Arhaba, D. Litwinov, 1898, BM. Turkey: Kars, David & 
Hedge, 5 Jul 1957, K. Iran: Mazandeon, P. Wendelobt, 6 Jul 1959, K. 

Stipa lingua Junge. Iran: Khorasan, K.H. Rechinger, 4 Jul 1937, BM. Afghanistan: Lake Shiva, 
II. Leach, 4 Jul 1971, BM; Suluku, Haikel, 13 Jul 1900, BM. 

Stipa lipskyi Roshev. Uzbekistan: Samarkanda, V.N. Lipsky, 27 May 1897, K. Russia: Montes 
Karatan, G. Mickeschin, 23 May 1936, G. 

Stipa longiplumosa Roshev. ex Komarov & Roshev. Russia: Tadjikistan, Gontscharow et al. 227, 
7 Jun 1932, K; Djuschambe, N. Gontscharow, 11 Aug 1931, G. 

Stipa macroglossa P.A.Smirn. Turkey: Ispiriz, Davis et ai, 31 Jul 1954, K. Russia: Seemireezii, 
A. Midelson 929, 10 Jun 1910, K. 

Stipa martinovskyi Moraldo. Italy: Arischia, R. Moraldo, 6 Jul 1982, G 283484. 

Stipa mayeri Martinovsky. Serbia: Mirusa, E. Mayer, 30 May 1968, BM (Isotype). 

Stipa minuscula F.M.Vdzquez. China: Tibet: Qinghai-Xizang (Tsinghai-Tibet). Plateau/ Presented 
1982, C.G. 81-0362 8 (collector not identified, and collector number), BM (Holotype). 

Stipa novakii Martinovsky. Greece: Macedonia, E.K. Ball, 2 Jul 1937, K.; Epirus, W. Grcuter, 
17 Aug 1976, G 166670. 

Stipa oligotricha Moraldo. Italy: Puglia: Gargano, B. Moraldo et al., 21 May 1978, G (Isotype); 
Trieste, L. Poldini, 19 May 1972, MA 357330. 

Stipa oligotricha subsp. etrusca (Moraldo) F.M.Vazquez. Italy: Alto Valle Tibcrina, B. Moraldo 
et al., 20 Jun 1984, C.283485. 

Stipa orientalis Trin. ex Ledeb. China: Tibet: Tsanskav, Schlagimvent, 27 Jun 1856, BM. Russia: 
Altai, P. Krylov, 21 Jun 1901, BM. 

Stipa pauneroana (Martinovsky) F.M.Vazquez & Devesa. Spain: Cuenca: Beteta, A. Caballero, 
13 Jul 1932, MA 4970; Toledo: Dos Barrios, S. Garcia etal., 13 May 1990, UNEX 14471; Valencia: 
Requena, E. Sanchis et ai, 20 Jun 1985, VAB 890294. 

Stipa pennata L. Switzerland: Cristalis, W. lunger, without dates, Z; Wallis, Bergall, H. Seitter, 
2 Jul 1970, Z. Germany: Jena, M. Hrlulp, Jun 1888, Z. Rumania: Pest in Ungarn, A. Degeti, 6 Jun 
1900, Z. 

Stipa pennata subsp. austriaca (G.Beck) Martinovsky & Skalicky. Switzerland: Sta. Galen: 
Walensee, E. Sulger, 3 )nl 1971, Z; Wallis: Bransora, A. Thellung, 22 May 1915, Z; Ms. Salvatore, 
H. Stanfler, 8 Jun 1946, Z. 

Stipa pennata subsp. dvorakii Martinovsky & Moraldo. Switzerland: Tessin : Val Sambuco, 
W. Michel, Jul 1946, Z. Germany: Wrietzen, Schiide, 28 May 1865, Z. Hungary: Fulophaza, 
W. Huber, 4 Jun 1986, Z. 

Stipa pennata subsp. eriocaulis (Borbas) Martinovsky & Skalicky. Russia: Krasnodar, D. Litvinot, 
25 May 1907, BM. Spain: Huesca: Ibon de Armena, G. Montserrat, 21 Aug 1983, JACA 219483; 
Plan de Cotiella, G. Montserrat, 3 Jul 1980, JACA 1693. 
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Stipa pennata subsp. slovaca F.M.Vazquez & M. Gutierrez. France: Col de 1’Abisso, /. Vetter, 
2 Aug 1879, Z. Switzerland: Wallis, W. Koch, 27 May 1947, Z; Flora du Jura de Gremien/Verbois 
a Tajomas, ]. Briquet 3149, 30 May 1924, BM (Holotype). 

Stipa pontica P.A.Smirn. Russia: Tiflis, A. Grosshein, 20 May 1920, BM. Turkey: Dagh, E.K. Ball, 
1934, BM; Kayseri, Davis, 18 Jun 1954, BM; Anatolia,/. Bormuller, 20 Jun 1890, K 2577. 

Stipa pulcherrima C.Koch. Armenia: Tapu, B. Manakan, 26 Jun 1970, BM. Russia: Stavropol, 
D. Litvinot, Jun 1906, BM. 

Stipa rechingeri Martinovsky. Greece: Macedonia, K.H. Rechinger 18469, Aug 1956, MA 497221. 
Italy: Palermo, Lojacono, May 1879, G 5998. 

Stipa rubens P.A.Smirn. Turkey: Kayseri, Davis, 18 Jun 1954, K; A. Tschikchef, without date, 
K. Russia: Caucaso, Marettoconr, 12 Oct 1926, K. 

Stipa styriaca Martinovsky. Poland: Torum, Biclany, W. Gugnacka-Fieder, 31 May 1975, Z. Russia: 
without 16cus, Mahbweb, 8 Jun 1907, Z. 

Stipa tianschanica Roshev. Russia: Kazakh, Altai, f.A. Kotukhov, without dates, K; Margelan, 
N. Dessiatgff, 1913, K. 

Stipa tirsa Steven. Russia: Sarykamysk, D. Litnonov, 5 Jul 1914, BM. 

Stipa turkestanica subsp. trichoides (P.A.Smirn.) Tzvclev. Afghanistan: Waldzone, H.F. Netibaouer, 
28 Jun 1951, K; Kurun ].E.T. Aitchison, 29 May 1879 HI 179/71, K; Gardez, K.H. Rechinger 
30005/32005, 7 Jul 1965,, K. Russia: Ashabat, D. Litwinow 2222, 9 Aug 1898, K. 

Stipa turkestanica Hack. Russia: Parkour, Julidah, //. Hartmann, 30 Aug 1976, G 152538. 

Stipa ucrainica P.A.Smirn. Russia: Kazaklastam, Kotukhov, 2 Jun 1976, K. Saratov, & Varos, 5 Jul 
1993, K. 

Stipa zalesskii subsp. turcomanica (P.A.Smirn.) Tzvelev. Russia: Junga Kopet, V. Kipsky 3342, 
8 May 1902, K. 

Stipa zalesskii Wilensky. Iran: Mazanderam, P. Wendelbo, 24 Jun 1959, K. Russia: Iter 
semipalatense, A. Prozoransky et al., 19 Jun 1928, K; Braschkiria, V.V. Gractner, 10 Jun 1928, K. 
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Appendix II 


Characters examined 

1. Culm length (cm) 

2. Basal leaves long (cm) 

3. Culm leaves long (cm) 

4. Basal leaves section (mm) 

5. Leaf abaxial surface pubescence 

6 . Leaf adaxial surface pubescence 

7. Number of cauline nodes 

8 . Lower node hairiness 

9. Prophyll length 

10. Sheath pubescence 

11. Ligulc length (mm) 

12. Ligule shape 

13. Ligulc hairiness of abaxial surface 

14. Panicle length (cm) 

15. Lower glume length (mm) 

16. Lower glume vein number 

17. Upper glume length (mm) 

18. Lower glumes vein number 

19. Glume apex 

20. Anthecium length (mm) 

21. Callus length (mm) 

22. Callus tip shape 

23. Lemma length (mm) 

24. Lemma hair distribution 

25. Lemma apical lobes 

26. Awn length (mm) 

27. Awn geniculations 

28. Column surface 

29. Awn distal segments hair length (mm) 

30. Palea length (mm) 

31. Palea hairiness 

32. Lodicule shape 

33. Anther length (mm) 

34. Style number 
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Appendix III 

Species incertae scdis 

We were unable to determine the appropriate placement of the following taxa because 
we were unable to examine the relevant type specimens and/or locate adequate 
descriptions. 

Sti P a an isotricha P.A.Smirn., Byull. Moskovsk. Obshch. Isp. Prir. Otd. Biol. n. s„ Biol., 45(4): 115. 
1970. y 

Stipa cerariorum Pane., FI. Knezev. Srbije: 738. 1874. 

Stipa czekanovskii Petrov, FI. lakut. Fasc. 1: 136. 1930. 

Stipa intermedia Trin. & Rupr., Mem. Acad. Imp. Sci. Saint-Petersbourg, Ser. 6, Sci. Math., 
Seconde Pt. Sci. Nat. 5: 26. 1842. 

Stipa kitagawai Honda, Rep. Exped. Manchoukuo Sect. IV, Pt. 4, Index FI. Jeholensis: 104. 1936. 
Stipa kokonorica K.Hao, Bot. Jahrb. Syst. 68: 583. 1938. 

Stipa kuhitangi Drobow, FI. Uzbekisl., cd. Schreder, 1: 183, 537. 1941. 

Stipa redowskii Trin., Spreng., Nate Entdeck. 2: 53. 1821. 

Stipa schmidtii Woronow ex Grossh., FI. Kavkaza, 1: 68. 1928. 

Stipa semenowii Krassn., Script. Flort. Univ. Petrop. 11(1): 22.1887-88. 

Stipa sinomongholica Ohwi, J. Jap. Bot. 19: 168.1943. 

Stipa spiridonovii Roshev., Bull. Jard. Bot. Acad. Sc. URSS, 1931, 30: 302. 1932. 

Stipa stapfii Roshev., Not. Syst. Herb. Flort. Petrop. 5: 11. 1924. 

Stipa tenerrima Bornm. & Gauba, Repert. Spec. Nov. Rcgni Veg. 47: 129. 1939. 

Stipa transcaucasica Grossh., Trud. Bot. Inst., Akad. Nauk SSSR, Azerb. Fii, Baku, 2: 245. 1936. 
Stipa turgaica Roshev., Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk 11:21. 1949. 

Stipa tzveleviana Kolukhov, Bot. Zhurn. (Moscow 8< Leningrad) 79(7): 102. 1994. 

Stipa tzvelevii tkonn., Opred. Vyssh. Rast. Badakhshana: 84. 1979. 

Stipa villifolia Simk., Term. tud. Kozl. Potf. 32: 46. 1895. 

Sttpa woroninii Krassn., Script. Hort. Univ. Petrop. II(I): 22. 1887-88. 
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Abstract 

Until recently, Austrostipa Jacobs & Everett subgenus Lobatae Jacobs & Everett was represented in 
Western Australia by two species, A. juncifolia, which is common in saline areas in the southern 
Wheatbelt, and the rare A. geoffreyi, which is found only on the margins of three salt lakes in the 
same region. Two new rare species are here described from calcareous soils on the Swan Coastal 
Plain in non-saline habitats, hundreds of kilometres from their nearest relatives. Austrostipa 
jacobsiana is known from a single small population in Perth and a single small population in 
Bunbury, and A. bromvenae is known from a single small population in the proposed Kemerton 
Nature Reserve and a small population in Perth. Both new species have declined in population 
size over the few years since discovery and warrant urgent priority status for conservation. All 
four Western Australian species in the subgenus are described and illustrated. 


Introduction 

The spear grasses ( Austrostipa spp., formerly Stipa L. spp.) form the largest genus of 
native perennial grasses in the southwest of Western Australia (W.A.). The genus in 
W.A. was treated by Gardner (1952) and more recently at the national level by Vickery 
et al. (1986), Jacobs 8c Everett (1996) and Everett et al. (2009). Keys to Australian grasses 
that include W.A. species of Austrostipa can be found in Simon (1993), Simon 8c Sharp 
(2002) and Everett et al. (2009). Phylogenetic relationships within the stipoid grasses 
have been discussed by Jacobs et al. (2000, 2007). 

Austrostipa subgenus Lobatae occurs across southern Australia, with one species 
(A. stipoides) also native to New Zealand, the only Austrostipa known to be native outside 
Australia. According to Jacobs et al. (2000,2007) it is quite remote in its relationships to 
other groups in Austrostipa, on both genetic and morphological grounds. 
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Two new species are here described, A. jacobsiana known only from one small population 
in Perth and one in Bunbury, and A. bronwenae known only from a small population in 
the proposed Kemerton Nature Reserve near Harvey and a small population in Perth. 
Both species are geographically isolated from their nearest morphological relatives, 
A. juncifolia and A. geoffreyi, by the Darling Range and distances in excess of 300 
kilometres, and differ ecologically from them in occupying non-saline habitats. 


Materials and Methods 

All specimens within the subgenus in the PERTH herbarium were examined in 2003. 
A specimen collected by Bronwen Keighery in suburban Perth in December 1995 was 
the first collection of the subgenus from the Swan Coastal Plain and was given the 
phrase name Auslrostipa juncifolia subsp. Southern River (B.J. Keighery 2160). Further 
collections at various times from the Perth area were made by the author and Una 
Bell. Bronwen Keighery identified Muchea Limestone (Keighery & Keighery 1995) as a 
potential ecological marker for the taxon and subsequently made new collections, one 
of which was given the phrase name Austrostipa sp. Harvey (B.J. Keighery GWAL/1), 
from these sites in the Bunbury and Harvey areas. She also collected fertile type material 
at the author’s request. Cate Tauss subsequently collected this species in suburban Perth. 

A character used in this study, but not previously reported in Austrostipa, is the 
invoked, a structure subtending the basal node and sometimes also the higher nodes 
of the panicle. According to McCusker (2007) an invoked is “an involucre of bractlets 
surrounding a secondary inflorescence such as the base of an umbellule. Since the 
grass panicle is made up of primary and secondary inflorescences (Vcgctti & Anton 
2000) this seems to be an appropriate term. Figure 1 illustrates involucels of three 



Fig- 1. Involucels subtending panicles in Austrostipa. a, short, glabrous, indurated, stem- 
clasping bract almost surrounding the culm (A. juncifolia, subgenus Lobatae ); b, dense ring of 
hairs completely surrounding the culm (A. hemipogon, subgenus Austrostipa ); c, long glabrous 
membrane completely surrounding the culm (A. trichophylla, subgenus Falcatae). Digital images 
from: a Royce 6063; b McCollum Webster WA/508; c Bell 480. 
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different kinds from three subgenera within the genus. They range from a long, glabrous 
membrane or short, indurated ridge of tissue, to a ring of hairs or a hairy membrane, 
and either partially or completely surround the culm; the involut'd can also be absent. 
Three components were required to define the character in these present specimens: 
the length of the bract, the presence of hairs, and the extent to which it encircled the 
culm. The involuccl appears to be variable within species in some subgenera, but in 
subgenus Lobatae it is consistent within species. 

Panicle size and density varies in a way that required two previously unused characters. 
Panicle internode length: if necessary, the culm must be excised to make sure the base 
of the panicle is exposed; sometimes the first node is undeveloped and enclosed within 
the leaf sheath, so to compensate for this the value used was taken as the average of the 
first two internodes. Maximum undivided branch length: this is the greatest length 
of the undivided primary branches at a given node; it is a measure of panicle density. 

The PERTH collections of Austrostipa species have expanded considerably in recent 
years so the descriptions of Austrostipa juncifolia and A. geoffreyi which follow are 
based upon data published in Vickery et al. (1986) and Everett et al. (2009) modified 
where necessary to include the PERTH specimen data. All the specimens cited below 
are held at PERTH. 


Taxonomy 

Austrostipa subgenus Lobatae S.W.L.Jacobs 8c J.Everett 

Perennial rush-like, tussock-forming grasses with erect, unbranched, glabrous culms 
and leaves, basal sheaths sometimes with short hairs, innovations arising extravaginally 
from a short rhizome, without a basal tuft leaf of leaves, nodes 2-4, exserted, thickened, 
glabrous. Leaf sheaths tightly clasping the culm. Leaves green at flowering time, stiff 
and rush-like, arising without interruption from the sheaths, folded or rolled into a 
terete form that makes them almost indistinguishable from the culms. Collar region 
largely invisible, with no auricle or angular articulation with the leaf blade. Sheath 
lobes and ligules glabrous, and often very long. Involucels short and indurated, either 
glabrous or hairy. Inflorescence exserted; spikelets gaping. Callus weakly bent. Lemma 
6.5-13 mm long, with white, yellow or fulvous hairs over most of the body; coma 
0.7-3 mm long, or obscure; lobes 2,0.3-3 mm long; awn 2-8 cm long, twice geniculate. 
Palea equal to lemma. 

The subgenus takes its name from the very long lemma lobes of the type species, 
Austrostipa juncifolia. Distributions of W.A. species in the subgenus are given in Fig. 2. 
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Key to the W.A. species in Austrostipa subgenus Lobatae 

1. Basal leaf sheaths 7-14 mm wide (in situ); ligule 2.5-12 mm long, smoothly 
integrated with the sheath so there are no sheath lobes; lemma lobes 1-3 mm 
long; growing around salt lakes or salinised soils in the southern Wheatbelt 
of Western Australia . 2 

2. Upper glumes 9-10 mm long; floret 6.5-9 mm long; callus 1.1-1.5 mm long; 
lemma lobes 1-2.5 mm long; awn 25-50 mm long; anthers penicillate; style 
glabrous; widespread in Southern Wheatbelt . A. juncifolia 

2. Upper glumes 12-16 mm long; floret 9-12 mm long; callus 2-3 mm long; 

lemma lobes 2.5-3 mm long; awn 50-80 mm long; anthers not penicillate; style 
hispid with bristly hairs 0.2-0.4 mm long; known only from Lakes King, Grace and 
Chinocup.A. geoffreyi 

1. Basal leaf sheaths 2^1 mm wide (in situ); ligule 0.0-1.0(-2) mm long, usually shorter 
than adjacent sheath lobes; lemma lobes 0.4-1.0 mm long; growing on the Swan 
Coastal Plain in non-saline calcareous soils... 3 

3. Ligule broad between short sheath lobes; involucel a glabrous ridge of 
indurated tissue not encircling the culm; upper glume 5-nerved in the lower 
part; lemma hairs white at maturity; anthers not penicillate, 3.2-3.3 mm long. 
. A. jacobsiana 

3. Ligule narrow to almost absent between long sheath lobes (2-6 mm); involucel 
of hairs 0.3-1.3 mm long that almost encircle the culm; upper glume 3-nerved in 
the lower part; lemma hairs dark golden brown at maturity; anthers penicillate, 
4.2-5 mm long.A. bronwenae 


Austrostipa juncifolia (Hughes) S.W.L. Jacobs & ].Everett, Telopea 6: 586 (1996). Stipa 
juncifolia Hughes, Bull. Misc. Inform. 1921: 11 (1921). 

Type: Western Australia, Swan River [Colony], Drummond 4th coll. no. 377 (holo:K; iso: 
CANB236993, photo!). 

Perennial grass, 80-100 cm tall. Leaf sheaths 7-9 mm wide at the base of the culm, 
3—6 mm wide at the upper nodes. Upper leaf sheaths smooth and glabrous, lower 
sheaths slightly ribbed and puberulous or pubescent with hairs 0.01-0.2 mm long. 
Ligules 2.5—8 mm long, continuous with the leaf sheath so there are no sheath lobes, 
sparsely puberulous abaxially. Auricular region unmarked, glabrous or with a few 
sparse hairs. Leaf blades 33—50 cm long, 1—2 mm wide; blade folded and swollen to 
create a terete form, abaxial surface not ribbed, glabrous and smooth, adaxial surlace 
strongly ribbed, pubescent with an even covering of erect hairs 0.03-0.6 mm long. 
Panicle 25—35 cm long, exserted, contracted, 3.5—8 cm wide, involucel a glabrous ridge 
of tissue and a short bract; lowest panicle internode 60-80 mm long, glabrous; shortest 
undivided branch 3-13 mm long, longest undivided branch 25—40 mm long; branches 
terete, mostly glabrous but with hairs near the axils, 80-100 mm long overall including 
glumes; pedicels terete, 0.5-2 mm long, mostly glabrous but with hairs near the axils; 
spikelcts 8-28 per node, 10—12 mm long. Glumes persistent, subequal, acuminate, 
glabrous or with sparse longer hairs on body and short denser hairs near the apex, 
straw-coloured; lower glume 3-nerved, 10-12 mm long; upper glume 3-nervcd, 
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9-10 mm long. Floret 6.5—9 mm long, without a neck, sericeous with white hairs at 
maturity, 0.5-0.8 mm long, increasing in length towards the apex. Lemma lobes 2, 
1-2.5 mm long; coma 1.3-3 mm long; callus 1.1—1.5 mm long, sericeous with white 
hairs 0.1-1.0 mm long, tip weakly bent. Awn 25-50 mm long, 0.2-0.25 mm wide near 
the base, twice bent, column 10-20 mm long, 5-10 mm to the first bend, scabrous, 
with hairs 0.1-0.5 mm long, bristle triangular, no broader than column, paler than the 
column, scabrous with hairs 0.1-0.15 mm long. Palea equal to and almost completely 
enclosed by lemma, with glabrous margins, pubescent between the dorsal nerves. 
Lodicules 2 or 3, membranous; abaxial lodicules acute or obtuse, 0.5-1.5 mm long, 
0.3 mm wide; paleal lodiculc acute, 1.5-2 mm long, 0.2 mm wide. Anthers 3, 5-6 mm 
long, penicillate (6 penicilli on each locule). Style glabrous. Caryopsis 4.0-4.8 mm long, 
1 mm wide; hilum 3-3.5 mm long, embryo 1.1-1.3 mm long. (Fig. 3) 

Distribution and habitat: occurs in the following Western Australian IBRA regions: 
Coolgardie, Jarrah Forest, Avon Wheatbelt, Mallee and Esperance Plains (Fig. 2). Grows 
on the margins of salt lakes, in saline or seasonally damp salinised soils. 

Phenology: (lowers October-November with fruit maturing in November-December. 



Fig. 2. Distribution of collections of Austrostipa subgenus Lolmtac in Western Australia. 
Austrostipa juncifolia (A), Austrostipa geoffreyi (•), Austrostipa jacobsiana (■), Austrostipa 
brotiwenae (O). 
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Fig. 3. Anstrostipa juncifolia. a, whole plant from herbarium sheet; b, ligulc (side view, delimited 
by brackets); c, floret with penicillate anthers exposed; d, glumes; e, floret with awn; f, column 
segment; g, lemma apex with long lobes (awn column removed); h, glabrous involucel at base of 
panicle; i, folded leaf section; j, penicillate anther; k, penicillata (6 atop each locule of anther); 
1, caryopsis (embryo side left; hilum side right). Digital images prepared from: a Burgman 4310; 
b-k Royce 6036 and 1 McKeough 9. 
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Selected specimens examined: Western Australia: 1 mile E of Kau Rock, 16 Oct 1970, T.E.H. 
Aplitt4068 ; Lake Kirk.SW of Norseman, 22 Oct 1985, D./. Bedford 518, J. Powell&]. Everett] Cape 
Riche, Cheync Beach headland, 80 km E of Albany, site near car park lookout on headland, 7 Jan 
2003, U. Bell 484 ; Along East Bank Road, Kalgan River, Albany, 21 Jan 2004, U. Bell 503] 4.1 kin 
NW of Savages Road on Eld Road, reserve 32777, Oct 1984, M.A. Burgman 4310] Approximately 
35 km NW of Salmon Gums, off Kumarl Lake King Road, 6 Nov 2007, G. Cockcrton & 

N. McQuoid LCH 15983] Gairdner River, Jerramungup, Aug 1939, C.A. Gardner s.n.; 
Ravensthorpe, Nov. 1944, C.A. Gardner s.n.] South Stirling, 11 Dec 1964, A.S. George 6494] Martin 
Creek, near Fitzgerald River, Fitzgerald River National Park, 7 Sep 1971, A.S. George 10939; 2 km 
S of Ranger Station, Fitzgerald River National Park, 29 Nov 1993, S.W.L. Jacobs 7017 ; margin 
of Quarderwardup Lake, Stirling Ranges, 19 Oct 1982, G.J. Keighery 5488 ; Kodjinup Nature 
Reserve, 21 Oct 1997, G.J. Keighery 6- N. Gibson 2210; salt lake E of Salmon Gums, 23 Oct 2000, 
M.N. Lyons &S.D. Lyons 3404; 1.7 km along East Kylie Road from Arthur River - Boyup Brook 
Road, Bokal, 28 Nov 2001, K. McKeough 9; 5 km NW of Ongerup, 24 Sep 1972, K.R. Newbey 
3587; 5 km S of Peak Eleanora, Peak Charles National Park, 8 Nov 1979, K.R. Newbey 6341 ; 
In valley between quartzite ridges, 1.5 km E of Thumb Peak, 26 Sep 1997, F. Obbens 45/97 ; 
S side of river, lower King River, 29 Jan 1993, 1..J. Pen 279 ; E of Cranbrook, towards Stirling Range, 
26 Oct 1959, R.D. Royce 6036 ; Merivale Road just E of track into Myrup Fly In Estate Airstrip 
E of Fisheries Road, 18 Aug 2005, C.D. Turley & R.M. Hoggart 208/805. 

Conservation Status: this species is common within its range. 

Affinities: A. juticifolia is the type species for the subgenus. It differs from A. geoffreyi 
in having smaller vegetative and floral dimensions (Table 1), glabrous style, and less 
extreme salt tolerance. Their erect habit, glabrous and juncus-like foliage, salt tolerance, 
long lemma lobes and long ligules distinguish these two species from all Western 
Australian Austrostipa species in other subgencra. 

Austrostipa geoffreyi S.W.LJacobs & J.Everett, Telopea 6: 585 (1996). 

Type: Western Australia, Lake King, 33°05'S, 119°33'E, 2 Dec 1993, S.W.L. Jacobs 7030 
(holo: NSW293105; iso: PERTH 05198771). 

Perennial grass, 90-180 cm tall. Leaf sheaths 8-14 mm wide at the base of the culm, 
5-10 mm wide at the upper nodes, ribbed, glabrous or puberulous with hairs 

O. 1-0.3 mm long. Ligules 6-12 mm, smoothly integrated with the sheath so there are no 
sheath lobes. Leaf blades 55-100 cm long, 1-2 mm wide; blade folded making an oval 
cross-section, abaxial surface unribbed, glabrous and smooth, adaxial surface strongly 
ribbed, pubescent with an even covering of erect hairs 0.03-0.6 mm long. Panicle 
30-40 cm long, exserted, spreading, 3-5 cm wide, involucel of one or two glabrous 
bracts 1.5-2.5 mm long; lowest panicle internode 35-47 mm long, glabrous; shortest 
undivided branch 2-4 mm long, longest undivided branch 4-6 mm long; branches 
terete, mostly glabrous but with hairs near the axils, 60-95 mm long overall including 
glumes; pedicels likewise terete, mostly glabrous, sometimes with hairs near the axils, 
3-13 mm long; spikelets 29-35 per node, 12-15 mm long. Glumes persistent, subequal, 
acuminate, glabrous, straw-coloured; lower glume 3-nervcd, 12-15 mm long; upper 
glume 3-nervcd, 12-16 mm long. Floret 9-12 mm long, without a neck, sericeous with 
white hairs at maturity, 1-1.5 mm long, increasing in length towards the apex. Lemma 
lobes 2, 2.5—3.0 mm long; coma 3-4 mm long; callus 2—3 mm long, sericeous with 
white hairs 0.1-1.0 mm long, tip weakly bent. Awn 50-80 mm long, 0.25-0.3 mm wide 
near the base; column 10-20 mm long, 5-10 mm to the first bend, scabrous, with hairs 


100 mm 
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Fig- 4. Austrostipa geoffreyi. a, composite of whole plant from herbarium sheets; b, glumes, 
c, floret, d, column section; e, floret with awn; f, non-penicillate anther; g, caryopsis, embryo 
S1 c ’ caryopsis, hilum side; i, abaxial lodicules; j, ligule; k, folded leaf section; 1, glabrous 
involucel at base of panicle. Digital images from: a [tussock], b-e, k George 10466; a [panicle], 
f Cochrane 4243 ; g-j, 1 Jacobs 7030. 
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Table 1. Morphological differences between Western Australian species of 
Austrostipa subgenus Lobatae. 


Characters Species 

(dimensions in mm) 



juncifolia 

geoffreyi 

jacobsiana 

bronwenae 

Basal leaf sheath width 

7-9 

8-14 

3-4 

2-3 

Upper leaf sheath width 

3-6 

5-10 

1-1.5 

1.5-2 

Ligule margin 

entire 

entire 

entire 

laciniate 

Ligule length 

2.5-8 

6-12 

0.4-1 

0-0.3 

Leaf blade 

folded 

folded 

folded 

rolled 

Leaf blade width 

1-2 

1-2 

0.5-0.8 

0.5-1.2 

Panicle length 

270-350 

300-400 

100-200 

250-300 

Panicle width 

35-80 

30-50 

10-20 

30-40 

Panicle involucel length 

0.5- 1 

1.5-2.5 

0 

0 

Panicle involucel hairs 

glabrous 

glabrous 

glabrous 

0.3-1.3 

Panicle involucel extent 

partial 

partial 

partial 

complete 

Panicle axis and branch 
indumentum 

glabrous 

glabrous 

scabrous 

scabrous 

Panicle internode length 

60-80 

30-47 

20-25 

47-72 

Maximum undivided branch 
length 

25-40 

4-6 

24-36 

20-28 

Pedicel length 

0.5-2 

3-13 

3-13 

3-28 

Spikelets per panicle node 

8-20 

29-35 

14-24 

11-15 

Upper glume length 

9-10 

12-16 

9-12 

11-12 

Upper glume nerves in lower 
part 

3 

3 

5 

3 

Floret length 

6.5-9 

9-12 

6-8 

7-8 

Lemma hair colour at maturity 

white 

white 

white 

light or dark brown 

Lemma hair length 

0.5-0.8 

1-1.5 

0.4-0.5 

0.5-0.6 

Lemma lobe length 

1-2.5 

2.5-3 

0.4-0.8 

0.3-1 

Coma length 

1.3-3 

3-4 

1.1-1.5 

0.7-1.3 

Callus length 

1.1-1.5 

2-3 

1.6-2.1 

1.5-1.8 

Callus hair colour 

white 

white 

white 

golden 

Awn width near the base 

0.2-0.25 

0.25-0.3 

0.25-0.3 

0.33-0.4 

Column length to the 
first bend 

5-10 

5-10 

8-12 

12-17 

Column indumentum 

scabrous 

scabrous 

scabrous 

pubescent 

Paleal lodicule length 

1.5-2 

1.5-2.5 

1.3-2 

0.8 

Anther length 

5-6 

4.3-5.5 

3.2-3.3 

4.2-5 

Anther apex 

penicillate 

not penicillate 

not penicillate 

penicillate 

Style indumentum 

glabrous 

hirsute 

glabrous 

glabrous 

Habitat 

saline areas 

salt lake margins non-saline 

calcareous soils 

non-saline winter- 
wet calcareous soils 

Distribution (W.A. botanical 
districts) 

Coolgardie, 
Jarrah Forest, 
Avon Wheatbelt, 
Mallee, 

Esperance Plains 

Mallee 

Swan Coastal 
Plain 

Swan Coastal Plain 
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0.1-0.2 mm long; bristle triangular, no broader than column, paler than the column, 
scabrous with hairs 0.1-0.15 mm long. Palea equal to and almost completely enclosed 
by lemma, with glabrous margins, pubescent between the dorsal nerves. Lodicules 3, 
membranous; abaxial lodicules acutely ovate, 1.0-4 mm long, 0.5-1 mm wide; paleal 
lodiculc acuminate, 1.5-2.5 mm long, 0.2 mm wide. Anthers 2(3?), 4.3-5.5 mm long, 
not penicillate. Style densely hispid with hairs 0.5-0.8 mm long. Caryopsis 4-6 mm 
long, 1.0 mm wide; hilum 3.5-4.5 mm long; embryo 2-3 mm long. (Fig. 4) 

Distribution and habitat: occurs in the Western Australian Malice 1BRA region 
(Fig. 2). Known only from Lake King, Lake Grace, and Lake Chinocup, growing on 
slightly elevated ground amongst samphires, or on the inner margin of fringing 
vegetation surrounding salt lakes. 

Phenology: flowers October-November with fruit maturing in November-December. 

Other specimens examined: Western Australia: [precise localities withheld for conservation 
reasons] Lake King, 11 ]un 1988, S.W.L. Jacobs 5854 & P. Wilson ; Lake King, 11 Nov 1970, A.S. 
George 10466; Lake King, 6 Nov 2002, J.A. Cochrane 4243; Lake Grace South, 20 Dec 1994, M. 
Graham 227.11; Lake Chinocup, 2 Nov 2006, T.D. Macfarlane 3926. 

Conservation status: Department of Environment and Conservation (DEC) 
Conservation Codes for Western Australian Flora (Atkins 2008): Priority One. 

Affinities: morphologically similar to A. juncifolia, growing within its geographic 
range, but a vegetatively larger (Table 1) and obviously more salt tolerant plant. Easily 
distinguished by its habitat, larger flowers in all measures, denser panicle, and unique, 
densely hispid style. 


Austrostipa jacobsiana A.R.Williams, sp. nov. 

A. jundfoliae affinis sed ligula ct lemmatis lobis brevioribus, et habitatione dissimili 
differt. 


Austrostipa juncifolia subsp. Southern River (B.J. Keighery 2160) WA Herbarium 
(1998+) FloraBase: the Western Australian Flora Version 2.5.9. (accessed 2008) 

Type: Western Australia, Southern River, Perth, [precise locality withheld for 
conservation purposes], 14 Nov. 2003, A.R. Williams 881 ( holo: PERTH 07770111; iso: 
NSW). 


Perennial grass, 80-120 cm tall. Lea/sheaths 3-4 mm wide at the base, 1-1.5 mm wide 
at the top, visibly ribbed, puberulous between the ribs in the lower parts with hairs 
0.03—0.06 mm long. Upper leaf sheath margin with hairs 0.01-0.02 mm long. Ligule 
obtuse, usually entire, membranous, 0.4—1 mm long. Auricular region glabrous, sheath 
lobes protruding above the ligule and continuous with it. Leaf blade 35—45 cm long, 
0.5—0.8 mm wide; blade folded and swollen making a terete form, abaxial surface 
unribbed, glabrous and smooth, adaxial surface strongly ribbed, with an even covering 
of erect surface hairs 0.03—0.6 mm long. Panicle 10—20 cm long, exserted, contracted, 
1-2 cm wide, partially subtended by a short glabrous involucel; lowest panicle 
internode 20—30 mm, scabrous, the hairs 0.06—0.1 mm long; shortest undivided branch 
3-4 mm long, longest undivided branch 24-36 mm long; branches somewhat flattened, 
scabrous, 40—80 mm long overall including glumes; pedicels somewhat flattened 
3-13 mm long, scabrous, the hairs 0.1-0.15 mm long; spikelets 14-24 per node, 
10-12 mm long. Glumes persistent, subequal, acuminate, glabrous, straw-coloured; 
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lower glume 3-nerved, 10-12 mm long; upper glume 5-nervcd, 9-12 mm long. Floret 
6-8 mm long, without a neck, sericeous with white hairs 0.4-0.5 mm long that increase 
in length towards the apex. Lemma lobes 2,0.4-0.8 mm long; coma 1.1-1.5 mm long; 
callus 1.6-2.1 mm long, sericeous with white hairs 0.6-0.7 mm long, tip weakly bent. 
Awn 38—49 mm long, 0.25-0.3 mm wide near the base, column 12-21 mm long, 
8-12 mm to the first bend, scabrous, with hairs 0.1-0.3 mm long; bristle triangular, 
no broader than column, paler than the column, scabrous with hairs 0.1—0.15 mm 
long. Palea equal to and almost completely enclosed by lemma, with glabrous margins, 
pubescent between the dorsal nerves. Lodicules 3, membranous; abaxial lodicules 
acutely ovate, 1.1-1.5 mm long, 0.3 mm wide; palea! lodicule truncate, 1.3-2.0 mm 
long, 0.1 mm wide. Anthers 3, 3.2—3.3 mm long, not pcnicillate. Style glabrous. 
Caryopsis 4.5-5 mm long, 0.8-0.9 mm wide; hilum 3-4 mm long, embryo 1.0-1.1 mm 
long. (Fig. 5) 

Distribution and habitat: occurs in the Swan Coastal Plain 1BRA region of W.A. 
(Fig. 2). Grows in non-saline, white or grey sandy clay soil developed over Muchea 
Limestone formations. The suburban Perth site is a well-drained white sandy clay 
roadside in degraded Eucalyptus/Banksia woodland. Bunbury specimens grow in 
winter-wet grey sandy clay soil in Melaleuca mixed tall shrubland. 

Phenology: flowers October-Novcmber with fruit maturing in November-December. 

Etymology: named in honour of the late Surrey Jacobs, in recognition of his pioneering 
work on the phylogenetics and taxonomy of Austrostipa, his personal assistance with 
this work, and his long-time contribution to Australian botany, notably on grasses and 
aquatic plants from which several of my own earlier works greatly benefitled. 

Other specimens examined: Western Australia: [localities withheld for conservation reasons]. 
10 Dec 1995, B.J. Keighery 2160; 29 Dec 2003 U. Bell 500; 11 Dec 2005 G.J. & B.J. Keighery 673. 

Conservation Status: this taxon was assigned Priority One (DEC Conservation Codes 
for Western Australian Flora) under the phrase name Austrostipa juncifolia subsp. 
Southern River (B.J. Keighery 2160). It exists as just two suburban populations in 
areas that have both been well studied and collected. The large size of the plant and 
its durable culms with persistent infloresence glumes make it easy to distinguish from 
accompanying vegetation so it is unlikely to have been overlooked in other locations. 
The Bunbury collection was located within a small reserve, but is surrounded by urban 
development. The Perth collection was just outside the fenceline of a Bush Forever site, 
on a roadside that is graded each year to provide a fire break. The surrounding area 
is rapidly being developed so there is no guarantee of survival of this tiny population 
given the increasing use of off-road vehicles, dumping of rubbish, and arson. I believe 
there is a good case here for transplantation to, and/or seed collection and propagation 
in, a reserved area. 

Affinities: clearly morphologically related to A. juncifolia and the much larger 
A. geoffreyi. Similar also to A. petraea (Vickery) S.W.L. Jacobs & J. Everettt (endemic 
to the semi-arid Flinders Ranges region of South Australia) in its short ligule and 
scabrous panicle branches, but differs in habitat, lemma hair colour and anther size 
and pcnicillation. Most similar to A. bronwenae in size and habitat, but differing in 
having shorter sheath lobes, folded and shorter leaves, glabrous involucel, shorter and 
narrower panicle, 5-nerved upper glume, white lemma hairs, narrower awn column, 
longer palcal lodicule, and shorter, non-pcniciilate anthers (Table 1). 
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Fig- 5. Austrostipa jacobsicma. a, whole plant from herbarium sheet; b, panicles with empty 
glumes; c, glumes; d, floret without awn; e, caryopsis (embryo side left, hilum side right); 
f> schematic of lobes at lemma apex with awn & palea removed; g, whole floret; h, non-penicillate 
anther; i, ligule (side view left, adaxial view right); j, column segment; k, involucel a glabrous 
ridge at base of panicle. Digital images from: a, b Keighery 2160; c-j Williams 881; k Bell 500. 
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Austrostipa bronwenae A.R.Williams, sp. nov. 

A. juncifoliae affinis sed panicula annulo pilulorum erectorum subtenta, ligula et 
lemmatis lobis brevioribus, pilis lemmatis fusco-atroaureis, et habitatione dissimili 
diffcrt. 

Austrostipa sp. Harvey (B.J. Keighery GWAL/1) WA Herbarium (1998+) FloraBase: the 
Western Australian Flora Version 2.5.9. (accessed 2009) 

Type: Western Australia, Harvey, [precise locality witheld for conservation purposes], 
8 Dec 2008, B.J. Keighery 2905 ( holo: PERTH; iso: NSW, MEL, CANB). 

Perennial grass, 90-150 cm tall. Leaf sheaths 2-3 mm wide at the base of the culm, 

1- 1.5 mm wide at the upper nodes, not ribbed, glabrous. Upper leaf sheaths glabrous, 
but lower sheath margins sometimes with hairs 0.1-0.3 mm long. Ligulc 0.0-1.0(-2) 
mm long, cither between asymmetrical sheath lobes (which can be 3-5 mm long), or 
if absent, then the sheath lobes do not join in the middle of the inside collar region. 
Auricular region unmarked, or sometimes marked with a darkened spot, glabrous, or 
with a few hairs 0.1-0.7 mm long. Leaf blade 35-45 cm long, 0.5-0.8 mm wide; terete, 
rolled or involute, abaxial surface not ribbed, glabrous and smooth, adaxial surface 
strongly ribbed, pubescent with an even covering of erect hairs 0.03-0.6 mm long. 
Panicle 25-30 cm long, exsertcd, contracted, 3-4 cm wide, subtended by an almost 
completely encircling involucel of hairs 0.3-1.3 mm long; lowest panicle internode 
45—75 mm, scabrous, the hairs 0.03—0.06 mm long; shortest undivided branch 

2- 10 mm long, longest undivided branch 20-28 mm long; branches somewhat 
flattened with acutely angled edges, 80-120 mm long overall including glumes; pedicels 
likewise somewhat flattened, 3-13 mm long, scabrous on their acutely angled edges, the 
hairs 0.1-0.15 mm long; spikelets 11-15 per node, 10-12 mm long. Glumes persistent, 
subequal, acuminate, glabrous, straw-coloured; lower glume 3-nerved, 11-13 mm long; 
upper glume 3-nerved, 11-12 mm long. Floret 7-8 mm long, without a neck, sericeous 
with dark golden brown hairs at maturity, 0.5-0.6 mm long, increasing in length 
towards the apex. Lemma lobes 2, 0.3-1.0 mm long; coma 0.7-1.3 mm long; callus 
1.5-1.8 mm long, sericeous with golden hairs 0.4-1.0 mm long, tip weakly bent. Awn 
42-55 mm long, 0.33-0.4 mm wide near the base, column 19-26 mm long, 11-17 mm 
to the first bend, scabrous, with hairs 0.2-0.4 mm long; bristle triangular, no broader 
than column, paler than the column, scabrous with hairs 0.07-0.15 mm long. Palea 
equal to and almost completely enclosed by lemma, with glabrous margins, pubescent 
between the dorsal nerves. Lodicules 3, membranous; abaxial lodicules acutely ovate, 
1.0-1.2 mm long, 0.3 mm wide; paleal lodicule acuminate, 0.7-0.8 mm long, 0.2 mm 
wide. Anthers 3, 4.2-5.0 mm long, penicillate. Style glabrous. Caryopsis 4.1-4.6 mm 
long, 0.9 mm wide; hilum 2.7—3.6 mm long, embryo 0.9-1.0 mm long. (Fig. 6) 

Distribution and habitat: occurs in the Swan Coastal Plain IBRA region of W.A. 
(Fig. 2). Grows in non-saline but seasonally wet grey-brown sandy loam soil containing 
nodules of Muchea Limestone, at the edge of a Gahnia trifida sedgeland with Eucalyptus 
decipiens. At the type site in 2003, plants were growing in three nodes over about lOha, 
extending to the west and north of this population. However in 2008 only a single 
population of about 20 plants remained, growing within an area of about 200 m 2 . The 
dry years from 2003 to 2008 and extensive disturbance by pigs may have contributed 
to this decline. The site in suburban Perth is a similar habitat (dominated by Gahnia 
trifida and Melaleuca viminea) with just a few plants on one uncleared suburban lot 
and two similarly small clusters of plants on the adjacent lot. 
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Fig. 6. Austrostipa brottwetme. a, whole plant from herbarium sheet; b, glumes; c, floret without 
awn; d, floret with awn; e, column section; f, penicillate anther; g, caryopsis (embryo side,left; 
hilum side right); h, hairy involucel at base of panicle; i, rolled leaf section; j, asymmetrical leaf 
sheath lobes with no ligule. Digital images prepared from Keighery 2905. 
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Phenology: flowers October-November with fruit maturing in November-December. 

Etymology: named after Bronwen Keighery who found both new species in all three 
locations, assisted with habitat information from her long experience and in-depth 
studies of the Swan Coastal Plain, and collected fruiting material and type specimens. 

Other specimens examined: Western Australia: [localities withheld for conservation reasons]. 
23 Oct 2003, B.J. Keighery 2906, 2907; 18 Sep 2009, C. Tnuss 3155, 3156. 

Conservation status: this taxon has been collected in just two widely separated sites 
that each carries only small populations. The large size of the plant and its durable 
culms with persistent inflorescence glumes make it unlikely to have been overlooked in 
other surveys and other locations. In view of the dramatic reduction in population size 
in just 5 years at the type site, it clearly deserves urgent priority status for conservation. 

Affinities: similar to A.juncifolia and A. geoffreyi in habit, but differing in having shorter 
lemma lobes and ligules and occupying quite a different habitat and geographical 
region. Similar to A. jacobsiana in habit, habitat and geographical region, but differing 
in having long sheath lobes, an involucel of hairs subtending the panicle, 3-nervcd 
upper glume, dark golden-brown lemma hairs at maturity, broader awn column, and 
longer, penicillate anthers (Table 1). 
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Abstract 

The water-lily genus Nymphaea exhibits a worldwide distribution with an estimated number of 
more than 50 extant species. Recent phylogenetic analyses resolved three major lineages, a subg. 
Brachyceras- subg. Anecphya clade, also including Nymphaea ondinea, a subg. llydrocallis-subg. 
Lotos clade, and the temperate subg. Nymphaea as a third clade. This study extends the taxon 
sampling for Brachyceras, previously the least understood subgenus. Maximum Parsimony and 
Bayesian analysis of nrlTS sequence data depict a monophylctic subg. Brachyceras- clade and 
show a New World clade to be nested within African taxa. Plastid trnT-trnF sequence data are 
less conclusive. A middle Miocene origin is inferred for the New World Brachyceras lineage that 
must have dispersed out of Africa either via a Beringian migrational route or through immediate 
long distance dispersal. Within subg. Brachyceras, the West African individuals of Nymphaea 
guineensis form a distinct clade in both nuclear and plastid trees to which the Madagascan 
Nymphaea minuta is sister. Central and East African Brachyceras species appear well separated, 
suggesting a separating effect of the Dahomey gap to the evolution of these species. ITS sequences 
are more powerful in identifying Nymphaea species than trnT—trnF sequences. Nevertheless, 
about 15% of the known species remain to be sampled for a complete molecular tree of 
water-lilies. This also requires sampling of multiple populations in order to discover entities 
with a common evolutionary history and distinct molecular and morphological characters. 


Introduction 

Among all genera of the water-lily clade (Nymphaeales), Nymphaea is the most diverse 
lineage with more than 50 species. Recent molecular phylogenetic analyses have 
shown several lineages that represent species radiations on certain continents (Borsch 
et al. 2007, 2008; Lohne ct al. 2007). A lineage comprising all temperate species in 
Eurasia and North America gains high support from both DNA and morphology, and 
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corresponds to subg. Nytnphaea. Two lineages with night bloomers appear vicariant 
for the New and Old World Tropics, respectively. The monophyletic subg. Hydrocallis 
occurs in Mexico, the Caribbean, Central and South America (Wiersema 1987, Lohne 
et al. 2008b) whereas subg. Lotos is native from Africa through the Indian subcontinent 
to northern Australia. Molecular studies have shown that the Southern African 
N. petersiana, previously classified within subg. Brachyceras, in fact belongs to subg. Lotos 
where it is sister to the remainder of the species (Borsch et al. 2007). All phylogenetic 
analyses hitherto carried out agree on the close relationship between the pantropically 
distributed subg. Brachyceras and an Australian radiation of species constituting subg. 
Anecphya. Complex reticulate evolutionary patterns were involved in the genesis of 
the approximately 10-16 species of Anecphya (Lohne et al. 2008a), many of which 
were described only recently (Jacobs & Porter 2007; Jacobs & llellquist 2006; Jacobs 
8c Llellquist 2011, this issue). Morphology and molecules agree on the finding that the 
monotypic genus Ondinea diverged rather recently from ancestors within Anecphya 
(Borsch et al. 2007, Lohne et al. 2009), pointing al rapid changes in floral architecture 
as well as organ number, probably as a consequence of changes in life form (submerged 
aquatic in temporal streams). Therefore, Lohne et al. (2009) transferred Ondinea 
purpurea, including its two subspecies, to Nymphaea. 

Analyses of divergence times and historical biogeography of Nymphaeales (Yoo 
et al. 2005, Lohne et al. 2008b) revealed two major diversification phases during the 
evolution of the Nymphaeales crown group. First, there was a rapid differentiation into 
the three major lineages, Cabombaceae, Nuphar and the remaining Nymphaeaccae, 
during the Palaeocene. Secondly, the radiation of core Nymphaeaccae ( Victoria , 
Euryale, Nymphaea inch Ondinea) took place from the Late Oligoccne to Middle 
Miocene. The scenario outlined by Lohne et al. (2008b) starts with a differentiation 
of the Nymphaea subgenera in the Northern Hemisphere and subsequent migration 
of subg. Hydrocallis to the New World and subg. Lotos to the Old World. During the 
Miocene, the subgenus Hydrocallis radiated in South America, whereas ancestors of 
subgenus Anecphya migrated to Australia followed by a rapid radiation. Lohne et al. 
(2008b) explain the present pattern of tropical disjunctions of closely related lineages as 
being a result of range expansion in the Northern hemisphere during the Early Tertiary 
and, from the Oligoccne to Miocene, subsequent vicariance due to the formation of 
migration barriers (oceans and climatic zones). Similar scenarios have been inferred 
for several other pantropical angiosperm groups, such as Magnoliaceac (Azuma et al. 
2001, Doyle et al. 2004), Lauraccae (Chanderbali et al. 2001) and Malphigiaceac (Davis 
et al. 2002,2004). 

1 he subgenus Brachyceras is the least understood group of water-lilies. Many taxa, 
especially from the Palaeotropics, have an unclear status and have not been collected for 
decades. A comprehensive modern treatment of the group is sorely needed to integrate 
the fragmentary regional information that currently exists. The trn I -trn L data set ol 
Borsch et al. (2007) included eight Brachyceras species, which al that time comprised 
the largest number of taxa in any phylogenetic study involving the subgenus. I here 
were two African and one New World subclades, although their relationships remained 
unclear. Evidence from multiple plastid regions, mitochondrial matR, nuclear 11S and 
morphology placed the Neotropical N. gracilis and the African N. micrantha as sisters 
(Lohne et al. 2007, Borsch et al. 2008). However, the monophyly of subg. Brachyceras 
itself could not be resolved with any confidence in the more densely sampled trn I -trnb 
tree ol Borsch et al. (2007). Therefore, it remains to be clarified if the pan-tropical 
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water-lily species of Brachyceras are paraphyletic to subg. Anecphya or are in fact 
monophyletic. In order to test this, dense taxon sampling will be crucial as a random 
choice of few Nymphaea species is likely to lead to biased phylogenetic conclusions on 
the phylogenetic position of Nymphaea and on phylogenetic relationships within the 
genus (Lohne et al. 2007). 

A complete species phylogeny of water-lilies will not only be essential for better 
understanding of their evolutionary diversification but also is a prerequisite to study 
species limits and to arrive at a complete modern species assessment. The strategy is to 
include all morphological entities (species and phenotypic variants) into plastic! and 
nuclear sequence data sets. This allows a determination of all lineages and, through 
genomic incongruence, also of areas of the tree where hybridisation led to reticulate 
origin of species. Hybrid speciation in conjunction with allopolyploidisation is evident 
within Nymphaea subgenera Anecphya (Lohne ct al. 2009) and Nymphaea (Volkova 
et al. 2010). Representation of individuals from throughout the range of species 
is necessary to detect geographical differentiation within monophyletic species, as 
evident in the widespread North American Nymphaea odorata (Woods et al. 2005), 
and incomplete lineage sorting. This may be a factor in the Australian subg. Anecphya 
(Lohne et al. 2008a). Reticulation or unequal lineage sorting, however, has not yet been 
detected within other water-lily lineages but this could simply be caused by limitations 
in sampling. 

Here we use the plaslid trnT-trnV and nuclear ITS regions to construct a comprehensive 
sequence data set with the aim of including as many taxa as possible rather than limiting 
the size of the taxon set in order to increase the number of characters. Insufficiently 
resolved clades or subclades within the respective trees can then be studied later with 
additional approaches including genomic fingerprinting techniques and algorithms not 
a priori relying on dichotomous evolutionary patterns. Aims of this study are therefore 
to include more samples of subg. Brachyceras and to test (1) how the various lineages of 
Brachyceras are related to each other and to the Australian Anecphya clade, and (2) the 
extent to which hitherto unsampled taxa of Brachyceras can be distinguished by DNA 
sequence data. 


Material and Methods 
Taxon sampling 

The trnT-trnV dataset used in this study comprises 86 species of Nymphacales, 
representing both genera of the Cabombaceae ( Brasenia , Cabomba) as outgroup taxa, 
each genus of the Nynrphaeaceae ( Barclaya , Euryale, Nuphar, Nymphaea, Victoria), 
and within the genus Nymphaea, each of the five subgenera ( Anecphya, Brachyceras, 
Elydrocallis, Lotos, Nymphaea). Nymphaea ondinea, previously separated from 
Nymphaea as a distinct genus, is also included in our data sets. 

A subset of 43 of these taxa was employed for analysing the relationships of subg. 
Brachyceras and Anecphya using the nuclear ITS marker. Here, two species of subg. 
Hydrocallis (N. amazonum, N. jamesoniana) were used as outgroup taxa, with all 
available taxa of Anecphya and Brachyceras forming the ingroup. New samples were 
sequenced for both trnV—trnP and LI’S in this study. Additionally, published sequences 
from the authors’ previous studies were used to complement the data sets. All taxa used 
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in this study, including information on origin of the material, voucher specimens and 
EMBL/Genbank accession numbers, are listed in Appendix 1. 

DNA isolation, amplification and sequencing 

DNA was isolated from silica-gel-dried leaf tissue using the triple extraction method 
of Borsch et al. (2003). The chloroplast genomic region trnT-trn F is widely used for 
phylogenetic analyses and spans the intergenic spacer between trnT and trnL, the trill, 
gene including its intron as well as the spacer between trnL and trnL. We amplified this 
region in two fragments using the primers rps4—5R (Sauquet et al. 2003) and trnLl 10R 
(Borsch et al. 2003) for the 5’-fragmcnt and the primers C and F (Taberlet et al. 1991) 
for the 3’-fragment. In addition to the amplification primers, the internal sequencing 
primers D and E (Taberlet el al. 1991) were used to read through long poly-TA stretches 
in the p8 stem loop of the trnL intron (see Borsch et al. 2007 for a detailed analysis 
ol this region).The nuclear marker region ITS spans the internal transcribed spacer 1 
(IIS1) between 18S and 5.8S rDNA, the 5.8S rDNA itself, and the internal transcribed 
spacer 2 (ITS2) between 5.8S and 26S rDNA. Amplification and sequencing ol this 
region was done using the standard primers 1TS4 and ITS5 (White et al. 1990) and 
following the procedure outlined in Lohne et al. (2008a). 

Alignment and indel coding 

Sequences were aligned manually with PhyDe® version 0.9.95 (Muller et al. 2007) 
following the rules outlined in Lohne and Borsch (2005). For ITS, sequences of 
Amborella,Austrobaileya, Illicium,Schisandra and Kadsura could not be aligned with the 
sequences of Nymphaeales (at least for the major parts of the region). Therefore, only 
ITS sequences of representatives of the subgcnera Brachyceras and Anecphya , with two 
representatives of subg. Hydrocallis as outgroup, were aligned and analysed. Mutational 
hotspots (after Borsch et al. 2003) were excluded from analysis. All length mutations in 
ITS were coded automatically in a “01 ’’-matrix with SeqState version 1.4 (Muller 2005), 
applying the “simple indel coding” strategy after Simmons and Ochotcrena (2000). 
The indel matrix was appended to the sequence matrix for Maximum Parsimony and 
Bayesian analyses. Thus, the final ITS matrix contained 767 characters (707 nucleotide 
characters and 60 indels). 

Alignment and indel coding of the trnT-trnF regions was done in the same way. 
Additionally, the p8 stem-loop region within the trnL intron (originally excluded as a 
hotspot from the main matrix, see also Borsch et al. 2007) was aligned separately for 
each subgenus and appended to the matrix. This allowed the inclusion of nucleotide 
positions and length mutations, which are potentially informative within the subgenera. 
T lie final trriT-trn? matrix comprised 2077 characters (1953 nucleotide positions from 
trnT~trn\\ including the p8 region, and 124 indels). 

Phylogenetic and dating analyses 

I he two data sets of Nymphaea s.l. were analysed separately. Maximum parsimony 
(MP) ratchet analyses were conducted with command files generated by PRAP (Muller 
2004) and then executed with PAUP* version 4.0b 10 (Swofford 2002). The ratchet 
settings were 200 iterations, weight 2, weighted = 25%, and 10 random addition cycles. 
1 Icuristic search parameters were simple stepwise addition, saving only one of the 
shortest trees per random-addition cycle and increasing the maximum number of trees 
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automatically by 100. Node support was estimated through jackknifing (JK) 10,000 
replicates (simple addition, keeping 1 tree per replicate, deleting 36.8% of characters 
in each replicate). 

For Bayesian analysis, models of molecular evolution in ITS and the tmT-tmF region, 
respectively, were determined using MrModeltest version 2.2 (Nylander2004) according 
to the Akaike information criterion. The following models were selected: GTR+G 
for ITS and the tmL intron, GTR+I for the trnh-trnF spacer, GTR for the triiT-trnL 
spacer, JC for the tmL gene, and F81 for the p8 region within the tmL intron. Bayesian 
analyses of the total evidence data sets (substitutions plus indels) were performed using 
MrBayes version 3.1.2 (Ronquist & Huelsenbcck 2003), with the binary model applied 
to the indel partition. Analyses settings were as follows: four runs with four chains and 
1,000,000 generations each, saving one tree per 100 generations. During the calculation, 
tree probabilities converged to a stable value after 38,000 generations for ITS and after 
15,000 generations for tmT-tmF; thus, the burn in was set to 380 and 150, respectively. 

Divergence times were inferred using the integrated relaxed clock approach 
implemented in the program BEAST version 1.5.4 (Drummond & Rambaut 2007). 
Instead of rate priors, two calibration points were used for each data set. For tmT-tmF 
the minimum age for the Nuphar crown group was set as 52 ± 1 Mya (Chen et al. 2004; 
Nuphar wutuensis is the oldest known fossil record of Nuphar). The Nymphaea crown 
group was set to have a minimum age of 33 ± 1 Mya. This is based on Nymphaea litninis 
as the oldest fossil seeds that can be unambiguously assigned to Nymphaea (dated as 
Upper Eocene/Lower Oligocene; Collinson 1980). The time of the Eocene/Oligocene 
boundary is drawn from Berggren et al. (1995). This set of taxa assigned to Nymphaea 
was not specified as monophyletic for the calculations. For the ITS data set, minimum 
ages for the crown group of the Brachyceras-Anecphya-dadc were set as 24.7 ± 5.8 Mya 
and for the Anecphya clade as 19.6 ± 6.5 Mya based on the dated trnT—trnF tree of 
this study (Fig. 2). Models of molecular evolution were chosen for each partition as 
depicted by MrModeltest (see above). However, since the programme BEAST does 
not include a model for binary matrices we excluded the indel characters from both 
data sets. Thus, the matrices containing only nucleotide characters were analysed 
with BEAST. Rates for each branch were drawn independently from a lognormal 
distribution (Drummond et al. 2006). A Yule speciation model was assumed and a 
random starting tree was used. Analyses were performed for 10,000,000 generations, 
saving one tree every 1000 generations. The burn in was set to 10% yielding 9000 
trees. The maximum clade credibility tree was calculated with TrceAnnotator v. 1.4.8 
(Drummond & Rambaut 2007), setting the posterior probability limit to 0.7. Trees were 
rooted with Cabombaceae in the tmT-tmF analysis and with Nymphaea amazonum 
and N. jamesoniana in the ITS analysis. 


Results 


Trees obtained from trnT—trnF 

Maximum Parsimony (MP) analysis of the chloroplast marker tmT-tmF yielded 114 
shortest trees with a tree length of 543 steps. Figure 1 shows the strict consensus of 
these 114 trees with Jackknife support values above branches. The consensus tree of 
the Bayesian Analysis using MrBayes (BA) is not shown since it is largely congruent 
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- Nymphaea eloriae NY 137 
a NY103 
e NY381 
a NY110 
a NY448 

- Nympfatoa ondtnoa NY377 
■ NY134 

- Nymphaoa vtotacaa NY410 

- Nymphaea vtotacaa NY372 

- Nymphaea ma«7X>«p*nna NY373 
a NY 127 

- Nymphaea mocroepetm* NY391 

- Nymphaea peorgJnac NY425 

- Nymphaea carpenbataa NY398 
* NY399 

arpentnrtae NY396 



— Nymphnen ntnins NY432 

r— Nymphaea li coknatii NY122 

- Nymphaea awulca NY113 

/— Nymphaon caoruloa NY550 (Ethiopia) 

- Nymphaea heudoiolil NY068 (Rwanda) 

•_ Nymphnea Ihofmarwn NY065 (Rwanda) 
o — Nymphooe «p NY551 (Angola) 

Nymphaea mtcrartha NY007 (Zimbabwe) 
Nymphaoa mtoanlha NY563 (Senegal) 
l_j— Nymphaoa gurioernti NY555 (Senegal) 
o'— Nymphaea gurieensl* NY558 (Senegal) 

-Nymphaoa gunooram NY557 (Senegal) 

-Nymphaea gurwenata NY560 (Senegal) 

-Nymp ha oa gufrmenais NY564 (Senegal) 

-Nymphaoa gueieeneJs NY561 (Senegal) 

NY5S8 (Senegal) 
NY 582 (Senegal) 
minuta NY568 (Madagascar) 
NY02S (MmdPO) 
NY429 (Mexico) 

- Nymphaoa ampta NY 100 (Mexico) 

- Nymphaoa pufchoia NY567 (Cuba) 

- Nymphaoa elogans NY006 (Florida) 
Nymphaoe ckrjam NY370 (Louisiana) 




- Nymphaoa cononli NY022 

- Nymphaan gurdnoriana NY026 

- Nym;il*aea gbindulilnra NY390 

- Nymphaoa jnmesortana NY071 

- Nymphaoa amazonum NY428 
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Fig- I. Phylogenetic relationships within Nymphaea and Nymphaeaceae as inferred from the 
plastid marker trnT-trnR The tree shown is the strict consensus of 114 shortest trees obtained 
with Maximum Parsimony analysis. Jackknife values are given above branches. Posterior 
probabilities as obtained from Bayesian analysis with MrBayes (tree not shown) arc given below 
branches. Nodes, which are not present in the Bayesian tree, are marked with n.p. (not present). 
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no 60 0 50 0 400 30.0 300 10 0 0.0 My* 


Fig. 2. Summary tree from BEAST analysis of the plastid marker trn'Y-IrnV. Log-normal prior 
of 52.0 ± 1 million years was set for the most recent common ancestor (MRCA) of Nuphar and 
33.0 ± I million years for the MRCA of Nymphaea, according to the fossil record (see text). 
Posterior probability values above 0.7 are presented above each node. The inferred age of each 
node is given below the respective branch, while the bars represent 95% confidence intervals of 
the inferred ages. 
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with the MP tree. Posterior Probabilities, as obtained with MrBayes, are instead given 
below the branches of the MP tree. There is only one node present in the MP that is not 
present in the BA tree (marked with n.p. in Fig. 1) and a tew poorly supported terminal 
nodes present in the BA but not in the MP tree (not shown). 

The maximum credibility tree obtained from the BEAST analysis (Fig. 2) differs from 
the MP and BA trees (Fig. 1) by depicting Brachyceras as monophyletic, although the 
relevant node receives only 0.92 PP. The BEAST analysis indicates an age of 24.7 ± 5.7 
Mya for the Anecphya-Brachyceras clade, 19.6 ± 6.5 Mya for the Anecphya crown group 
and a similar age (19.8 ± 6.7 Mya) for the Brachyceras crown group. 

Trees obtained from ITS 

The ITS data set comprises more potentially parsimony informative characters than 
trn'Y-lrnV (250 within ITS, 190 within the tmT-tniF data set), although it has less 
than half the number of base pairs. Due to the variability of this nuclear marker, it is 
not possible to align complete ITS sequences of the Anecphya-Brachyceras clade with 
sequences from other subgencra of Nymphaea , let alone with other Nymphaeaceae 
or Cabombaceae. However, ITS is useful for investigating phylogenetic relationships 
within the Anecphya-Brachyceras clade. Figure 3 shows the strict consensus of 4 shortest 
trees (466 steps). As with trnl-trnV, Bayesian analysis with MrBayes yielded a largely 
congruent tree (not shown), with only very few, poorly supported terminal nodes not 
present in both trees. However, the topologies of the ITS tree and the respective part 
of the plastic! tree ( Anecphya-Brachyceras clade) are not fully congruent. I here are, 
for example, some differences in the position of the N. violacea samples within subg. 
Anecphya. These are not discussed here, since the complex evolutionary patterns in this 
subgenus have been discussed earlier by Lohne et al. (2008). 

The ITS data set was also analysed with BEAST, using the ages estimated with the Irnl - 
trnl data set for the Anecphya-Brachyceras clade and the Anecphya crown group as 
calibration points. The BEAST summary tree (Fig. 4) shows the same topology as the 
MP/BA tree (Fig. 3). 


Discussion 

Relationships within the Anecphya-Brachyceras clade 

The dense taxon sampling of water-lilies provides some indication that both subg. 
Anecphya and subg. Brachyceras are monophyletic. Previously, neither maximum 
parsimony nor Bayesian tree inference applied to a smaller trn'Y-trnY data set had 
recovered a subg. Brachyceras clade (Borsch et al. 2007) whereas a subg. Anecphya clade 
consistently received maximum support. This pattern is also evident for trees inferred 
from the extended trnY—trnV data set in this study, although the maximum credibility 
tree calculated with BEAST (Fig. 2) depicts Brachyceras as monophyletic. It has to 
be noted that this tree gives an alternative hypothesis which is based on a different 
approach to summarising trees based on the criterion of highest product of posterior 
probabilities as implemented in the BEAST package. In any case the monophyly of 
subg. Brachyceras needs further testing using additional plastid data. 
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Internal relationships of the subg. Brachyceras clade in the maximum credibility 
tree, however, are unique in suggesting a “mixed” New World lineage (1.00 PP) also 
containing the Madagascan N. minuta and one deviant sample of N. micrantha 
(NY562). All samples of N. guineensis appear in a lineage sister to most other African 
species, together gaining 1.00 Posterior Probability from the BEAST analysis. 

In general, Bayesian Posterior Probabilities are prone to over credit nodes as is evident 
from simulation (Suzuki et al. 2002) and empirical analyses (Simmons ct al. 2004). 
Recent simulation studies indicate that Bayesian Inference may also group long branches 
together, especially when sequence sites evolve heterogeneously (Kolaczkowski & 
Thornton 2009). In the shallow Brachyceras clade, sequences exhibit not only very low 
overall distances but also many autapomorphic mutations that hamper correct model 
assessment. The BEAST topology (Fig. 2) and similarly the Bayesian tree obtained 
with MrBayes (not shown) must therefore be interpreted with caution, and the high 
posterior probabilities may not necessarily indicate correctly resolved nodes. 

In contrast, nuclear ITS sequences yield a well-resolved and supported MP tree 
(Fig. 3), where both subgenera ( Anecphya and Brachyceras) are revealed as well 
supported monophylctic clades. All species of subg. Brachyceras share characteristic 
morphological features that support their separation from subg. Anecphya: there are 
free carpellary appendages and much broader filaments in subg. Brachyceras, which are 
absent or filamentous in subg. Anecphya. The ITS tree shows that within Brachyceras 
there is a clade, comprising all samples of N. guineensis and N. minuta, which is sister 
to the remaining samples. The neotropical species N. ampla, N. elegans, N. gracilis and 
N. pulchella occur in a well supported clade completely nested within African taxa. 
In subgenus Anecphya, two major clades corresponding to the “small seeded group” 
(comprising N. macrosperma, N. carpentariae, N. georginae, N. gigantea, N. immutabilis 
and N. atrans) and a “large seeded group” {N. violacea, N. ellcniae, N. hastifolia and 
N. ondinea) are recovered as in the earlier more comprehensive analysis by Lohne et 
al. (2008a). The “small seeded group” has been separated from Anecphya as a distinct 
subgenus Confluentes by Jacobs (2007). While reticulate evolutionary patterns are 
evident in subg. Anecphya (Lohne ct al. 2008a), there are also some hints on reticulation 
within subg. Brachyceras. This applies especially to the position of N. minuta, which 
is depicted sister to N. guineensis by the nuclear marker but nested within the 
neotropical lineage in the trnT-trnV BEAST tree (Fig. 2). However, this finding can 
be only preliminary because phylogenetic structure in the IrnT-trnV sequences is still 
insufficient (as evident from the polytomy in the MP tree, Fig. 1). 

Biogeography of subgenus Brachyceras: the neotropical lineage “out-of-Africa” 

The addition ol further subg. Brachyceras species, especially to the nuclear ITS tree of 
Borsch et al. (2008), provides evidence that the Neotropical species of Brachyceras form 
a lineage nested within the African taxa (Figs 3 & 4). Previous phylogenetic studies 
of Nymphaea with a smaller taxon sampling showed N. heudelotii (Africa) sister to 
N. gracilis plus N. ampla (Lohne et al. 2007, Borsch et al. 2008). The plastid trnT- 
trn F trees of this study (Figs 1 & 2), however, do not allow any insights on historical 
plant migration patterns within Brachyceras due to limited resolution and support. 
However, the ITS tree suggests an origin “out-of-Africa” of the neotropical Brachyceras 
sublineage (Fig. 3). 
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Molecular dating based on a matK. tree of 25 Nymphaeales taxa (Lohne et al. 2008b) 
suggested an age for the Anecphya-Brachyceras crown group of 9.9 ± 6.5 Mya. Even if 
the closest palaeotropical relatives of the New World Brachyceras lineage are not yet 
precisely known, it is obvious that their split must be younger. Our estimate with the 
fossil calibrated minimum ages of Nuphar (52 Mya; Nuphar wutuensis) and Nymphaea 
(33 Mya, Nymphaea liminis) using a much more densely sampled trnT-trnV data set 
and BEAST (Fig. 2) increases the hypothesised age of the Anecphya-Brachyceras crown 
group to 24.7 ± 5.8 Mya. Differences may be caused by the denser taxon sampling 
in this study as better taxon sampling tends to yield older nodal estimates (Linder 
et al. 2005). Accordingly, our trriY-tmV analysis hypothesises a split of a Brachyceras 
sublineage mainly composed of New World species to have already taken place 19.6 ± 
6.5 Mya. However, this topology should be viewed with caution (see above). A dating 
approach using the ITS data set of Anecphya-Brachyceras has some limits because there 
are no fossils known for this lineage, and previously calculated node ages including 
their Credibility Intervals need to be used as calibration points. The revealed minimum 
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Fig. 3. Phylogeny of Nymphaea subg. Brachyceras and subg. Anecphya as inferred from the 
nuclear marker ITS. Tree tree shown is the strict consensus of four shortest trees obtained by 
Maximum Parsimony analysis. Jackknife values are given above branches. Posterior probabilities 
as obtained from Bayesian analysis with MrBayes (tree not shown) are given below branches. 
Nodes, which are not present in the Bayesian tree, are marked with ti.p. (not present). 
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ages within N. subg. Brachycercis and Anecphya are about twice as old as calculated 
using a matK tree that, in comparison, sampled only 30% of the taxa (Lohne et al. 
2008b). Nevertheless, the split of a clear New World Brachyceras lineage is found to 
have occurred 10 ± 6 Mya (Fig. 4), and thus roughly falls into the same time range as 
expected from plastid data by Lohne et al. (2008b). 

Plant migrations from Africa to the Neotropics arc known from various angiosperm 
families and appear to be even more important in explaining African-Neotropical 
biogeographic relations than vicariance (Erkcns et al. 2009). This is indicated by 
inferred origins of lineages considerably younger than 100-110 Mya, when the 
opening of the Atlantic Ocean was initiated (McLoughlin 2001). In several families, 
early to middle Eocene diversification is reconstructed and migration of angiosperms 
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Fig. 4. Summary tree from BEAST analysis of the nuclear marker ITS. Log-normal prior of 24.7 
± 5.8 Mya was set for the MRCA of the ingroup (the Brachyceras-Anecphya clade) and 19.6 ± 
6.5 Mya for the MRCA of subg. Anecphya. These dates were taken from the previous analysis of 
the trnT-trnV dataset, in order to allow at least a rough estimation of ages within this group. 
Posterior probability values above 0.7 are presented above each node. The inferred age of each 
node is given below the respective branch, while the bars represent 95% confidence intervals of 
the inferred ages. 
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adapted to tropical climates proceeded via the North Atlantic or the Bering Land 
Bridges. This possibility finally ceased during the Oligocene with the cooling of the 
northern hemisphere (Morley 2003). Meliaceae were shown to have dispersed in 
the Eocene via Beringia from Africa into the New World (Mullner ct al. 2006). for 
Malpighiaceae, a “Laurasian migration route” via a boreotropical connection between 
North America and Eurasia during the Eocene was hypothesised (Davis et al. 2002). 
For Melastomataceae, Renner et al. (2001) reported the arrival of boreotropical taxa in 
southern continental New World areas in the Oligocene and Miocene. Such a scenario 
may be true for the ancestor of the Neotropical night blooming water-lilies (Lohne et al. 
2008b) that subsequently produced the radiation of the 14 species of subg. Ilydrocallis 
distributed from the Caribbean and Central America to South America. 

How did the ancestor of the Neotropical Brachyceras species reach the Western 
hemisphere? Theoretically, there are three possible migrational routes (Morley 2003, 
Erkens et al. 2009). The first assumes spread over a North Atlantic Land Bridge (Tiffney 
& Manchester 2001) around a climatic optimum in the Eocene (45-55 Mya). 'I his 
certainly predates the origin of the Brachyceras lineage. Alternatively, plants could have 
spread over the Bering Land Bridge. This connection existed well into the Pliocene 
(Tiffney 8c Manchester 2001), and, time wise, could have been a possible route. Lohne 
et al. (2008b) argued that several Nymphaeales taxa show adaptations to seasonal 
habitats. Tropical or paratropical ancestral Brachyceras species could have survived 
dark winters at northern latitudes in a dormant state. The present day distribution 
of Brachyceras, with most Neotropical taxa in Mexico, the Caribbean and Central 
America, some even reaching warm-temperate North America, may be indicative of 
a radiation in this area with subsequent spread of only a few taxa into South America. 
A phylogcographic examination of the Nymphaea ampla - N. pulchella species complex 
would be interesting in this context. Nymphaea pulchella was recently resurrected as a 
distinct species based on leaf and seed morphology (Wiersema et al. 2008) and is one 
of only two taxa ranging well into South America. Since the neotropical Brachyceras 
sublineage appears as a terminal clade within an African stock of Brachyceras 
(Fig- 3), the acceptance of a Beringian migrational route would also imply that Asian 
taxa of subg. Brachyceras (e.g. N. nouchali ) have an African origin. The third possibility 
could have been dispersal from Africa to the New World tropics across the ocean, cither 
facilitated by islands as stepping stones until the Miocene (Tiffney Ik Manchester 
2001, Morley 2003) or by immediate long distance dispersal by unknown vectors. 
Seed dispersal across the Atlantic ocean by wind and sea currents was hypothesised by 
Renner (2004) for a number of angiosperm genera (e.g., Elaeis / Arecaceae, Commiphora 
/ Burscraceae). Nymphaea seeds can float and this is even supported by specialised 
arils (Wiersema 1987, Borsch ct al. 2008) but nothing is known about the influence 
of salt water on their seed viability. However, since our divergence lime estimates in 
Nymphaea are rather too young than too old, a step by step long distance dispersal of 
Brachyceras species into the New World via the Beringian Land Bridge in a still suitable 
climate may well be a possible explanation. 

Another interesting pattern is the close relationship of N. guineensis from West Africa 
and the Madagascan endemic N. minuta inferred by ITS (Fig. 3). This would imply a 
trans-African disjunction of closely related lineages, as observed in several other plant 
groups (see Sanmartin et al. 2010 for overview). However, in the trnT—trnE BEAST tree 
(Fig. 2), Nymphaea minuta is nested within a clade with the Neotropical species; but 
this position is not recovered by the MP analysis (Fig. 1). Thus, further investigation 
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of phylogenetic relationships, preferably at population levels, will be necessary to draw 
sound conclusions on the biographic history of Nymphaea subg. Brachyceras in Africa. 

Further sequence data from all genomic compartments will be needed to test the 
monophyly of subg. Brachyceras, and its internal relationships. Tree inference using 
combined data sets of genomic regions selected for high phylogenetic structure 
will yield improved node confidence (Borsch & Quandt 2008). A larger number of 
concatenated genomic regions is also expected to produce better time estimates with 
smaller credibility intervals using relaxed clock methods (Battistuzzi ct al. 2010). Our 
data also show a trend to relatively higher Credibility Intervals for younger nodes. 
Dating of shallow phylogenies, as for example is the case within Brachyceras, will 
certainly benefit from a more representative sampling of sequence characters that will 
allow calculation of more accurate posterior intervals (Brown & Yang 2010). Increasing 
the molecular data sets of Nymphaea will therefore be an important future task. 

Molecular systematics of water-lilies: Towards a complete species tree 

This study presents the most comprehensive data set for Nymphaea to date, comprising 
approximately 75 % of all currently known species. It will be a major task for future 
collaborative research to include all taxa for a complete species tree. A complete species 
tree will on the one hand provide the necessary backbone for species identification based 
on DNA markers (bar codes). It will also provide the molecular basis for evaluating 
species concepts in Nymphaea and for compiling a comprehensive monograph of the 
genus Nymphaea based on information from morphological, molecular and ecological 
data. 

The two described genomic markers trnT-trnF and ITS show great potential for 
molecular species identification (DNA bar-coding). Within Irnl-trnV, there are the 
AT-rich sections of the trnL intron (especially the p8 stem-loop region) that provide 
sufficient information for species identification. However, as a prerequisite an 
evaluation of species limits and population level studies across the species’ ranges is 
needed. This is especially important because reticulate evolution has been identified 
in subg. Anecphya (Lohnc et al. 2008a) and recently also shown for Lhe temperate 
subg. Nymphaea (Volkova et al. 2010). Further research is also needed to see if 
allopolyploids are involved in the evolution of Nymphaea and its subgenera. Including 
more information from plastic! DNA markers seems to be most promising in order to 
unravel the complex evolutionary patterns within Nymphaea. However, it will also be 
crucial to analyse how morphological and other biological characters (e.g., pollination 
biology, vegetative adaptations, distribution) correlate with the complete species tree 
based on molecular markers. Therefore, it will be helpful to have all sequence data 
collected in a curated data base linked to geo-referenced specimen information and, if 
possible, population data accompanying the specimens. 

After more than a century since the seminal work of Conard (1905), exploration and 
description of new water-lily species has still not finished. As evident from Fig. 5, one 
quarter of the currently accepted species were described in the last 30 years. Main 
contributions in this sense were the monograph of Nymphaea subg. Hydrocallis by 
Wiersema (1987, see also Wicrsema et al. 2008) and the contributions by Surrey W. 
L. Jacobs on Nymphaea subg. Anecphya (Jacobs 1992, 1994, 2007, Jacobs & Hellquist 
2006, Jacobs & Porter 2007). There are still several taxa of uncertain status, especially 
within the least understood subg. Brachyceras but also in subg. Lotos, where the identity 
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The figure is based on the list of currently accepted species (based on the online database of the USDA Agricultural Research Service, http://www.ars-grin. 
gov/cgi-bin/npgs/html/splist.pl?8329) and the year of first description of the respective species names. The number behind the subgeneric names indicates 
the number of currently accepted species. In contrast to the current classification, Nymphaea petersiana is here considered as part of subg. Lotos because of 
evidence from DNA (see, e.g., Borsch et al. 2008). 
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of N. rubra needs to be verified (Mitra & Subramanyam 1982, Venu et al. 2003). Thus, 
it might be expected that future work on these two subgenera will again alter (and 
probably increase) the total number of species in the genus Nymphaea. Additionally, 
our present study adds further interesting questions, especially with respect to the 
biogeographical history of subg. Brachyceras. 

In conclusion, it must be stated that a comprehensive monograph of Nymphaea with 
data on species distribution, ecology and conservation status is very much needed. 
Such an undertaking should be and actually can only result from the joint effort and 
expertise from an international working group on Nymphaea and the Nymphaeales. 
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Appendix 1. Samples included in the study, respective source of material, location of voucher specimens, DNA lab codes and GenBank accession numbers of 
deposited sequences. Some of the sequence data were generated for this study, while others were taken from our own previous studies ( a Borsch et al. 2003, 
b Borsch et al. 2007, c Lohne et al. 2007, d Borsch et al. 2008,' Lohne et al. 2008a). Additionally, ITS sequences of N. micrantha were taken from GenBank 
(Volkova et al. 2010). 
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Halodule (Cymodoceaceae), inferred from 
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Abstract 

The tropical seagrass genus, Halodule, is distributed in warm to tropical areas throughout the 
world. We performed separate molecular phylogenetic analyses of Halodule based on both 
plastid and nuclear DNA sequences, followed by haplotype analysis, focusing on plants in the 
western Pacific area. One western tropical Atlantic species, H. wrightii s.L, and two western Pacific 
species, H. pinifolia and H. uninervis, were recognised and characterised by leaf morphology. 
Because samples from the western tropical Atlantic and the western Pacific were nested with 
each other, allopatric differentiation into both areas may have occurred during the early stages 
of the evolution of the genus. A hybrid of Halodule was detected at two nearby localities in 
Okinawa, Japan, together with its co-occurring maternal and paternal species, H. uninervis and 
H. pinifolia, respectively. Haplotype analysis provided evidence that the hybrid resulted from a 
single hybridisation event, followed by clonal dispersal to its present localities. 


Introduction 

Some submerged aquatic macrophytes are evolutionarily adapted to their environment 
through special pollination systems known as epi- and hypohydrophily. Under these 
systems, currents carry the pollen through the water or on the water surface. In the 
absence of reproductive incompatibility, hybridisation among two or more co¬ 
existing species is possible. In fact, epi- and hypohydrophilous aquatic macrophytes 
include natural hybrids, e.g., Callitriche (Callitrichaceae), Elodea and Najas (both 
Hydrocharitaceae), and Zannichellia (Potamogetonaceae) (Les & Philbrick 1993), 
and Ruppia (Ruppiaceae) (Ito et al. 2010), but natural hybrids have not been found in 
seagrasses. 

The seagrass genus, Halodule (Cymodoceaceae), is distributed in warm to tropical 
areas throughout the world and is thought to undergo epihydrophilous pollination 
according to Cox and Knox (1989), who observed the pollination of H.pinifolia in Fiji. 
The taxonomy of the genus has long been determined by examining leaf tip morphology 
and leaf width because of the absence of reproductive organs in most specimens. 
However, the taxonomic conclusions are inconsistent; den Harlog (1970) identified 
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six species throughout the world by means of leaf tip morphology and leaf width, 
whereas Phillips and Menez (1988) identified three species using only leaf tip 
morphology. Taxonomic confusion has been especially prominent in the identification 
of H. uninervis ; some researchers divided plants with narrow and wide leaves into H. 
tridentata and //. uninervis, respectively (den Hartog 1964, Ohba & Miyata 2007), 
whereas others considered all plants with varying leaf width to be H. uninervis (den 
I lartog 1970, Phillips 8c Menez 1988). Den Hartog (1964) attempted to use ch romosomal 
information for the taxonomy of the genus, but only two specimens were examined; 
they were both 2 n = 44 and were thought to be tetraploid (den I lartog et al. 1979). 
Putative hybrids of Halodule have also been recognised in Japan on the basis of their 
sterility and intermediate leaf width when compared to their putative parental species 
(Ohba 8c Miyata 2007), suggesting that a rather complicated evolutionary path may 
have led to this taxonomic confusion. 

There have been two hypotheses for the evolution of Halodule: one is that, like the 
twin species of Syringodium (Cymodoceaceae) and Thalassia (Hydrocharitaceae) in 
the Atlantic and Pacific Oceans (Phillips 8c Menez 1988), H. uninervis and H. wrightii 
may have originated from an ancestor with a wide distribution in tropical seas and 
differentiated in the respective oceans (Ostcnleld 1915, Setchell 1935), and the other 
is that the H. uninervis and H. wrightii groups may have been derived from the relict 
species H. pinifolia (den Hartog 1964). Although relationships within the genus 
Halodule have been investigated using isozyme (McMillan 1980) and DNA sequences 
(Waycott 8c Barnes unpublished, Ohba, Ohba 8c Miyata unpublished), relationships 
remain unclear and require further investigation. 

The current study examined the phylogenetic relationship of Halodule species in the 
context of the widely accepted classification proposed by den Hartog (1970) and 
investigated the origin of the putative hybrid. We performed simultaneous molecular 
phylogenetic analyses using plastic! (ptDNA, rbcL) and nuclear DNA (nDNA, p/iyB) 
gene sequences. For the putative hybrid, we performed subsequent haplotype 
analysis of psbA-trnH (ptDNA), focusing on western Pacific species. Finally, given 
the chromosomal information and morphological characteristics, we discuss the 
systematics and evolution of the genus. 


Materials and Methods 
Taxon sampling 

Fifteen samples of Halodule species were collected from 11 localities, mainly in the 
western Pacific, but also in the western tropical Atlantic (Appendix 1). For phylogenetic 
comparisons, rbcL sequences of Halodule were obtained from GenBank (241 bp ol 
AY787476 I- 488 bp of AY787477 for H. wrightii [Texas, USAl, 1182 bp of U80689 for II. 
beaudettei |Florida, USA], and 1182 bp of U80690 for H. pinifolia [Western Australia, 
Australia]). AY952436 for H. uninervis was excluded because it was misidentified and 
should have been assigned to Zostcra japonica (data not shown). Halodule uninervis 
and II. wrightii have also been reported in coastal areas of the eastern tropical Atlantic 
and Indian Oceans (Green & Short 2003), but no high-quality specimens from cither 
area, which would allow DNA extraction and analysis, were available. Most of the 
samples collected in the current study were identified morphologically according to 
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den Hartog (1970) except one unidentified sample without leaf tips, which was treated 
as Halodule sp. Specimens of H. uninervis from two localities in Japan showed clear 
differences in leaf width. We tentatively referred to them as H. uninervis “Narrow” and 
H. uninervis “Wide,” according to den Hartog (1970). Potamogeton maackianusA. Bcnn. 
(Potamogetonaceac) and Ruppia tnegacarpa S. Mason (Ruppiaceae) were selected as 
outgroups according to the phylogeny of Alismatidae presented by Les ct al. (1997). 

Chromosome observations 

The somatic chromosome number of a subset of Halodule samples from two localities 
was obtained by light microscopic examination (Fig. 1). Root tips collected in the field 
were pretreated with 0.002 M 8-hydroxyquinoline at 4°C overnight, fixed with freshly 
mixed Carnoy’s fixative (3:1 [(v/v) J ethyl alcohol: acetic acid) for at least 30 min, and 
then preserved at 4°C. For microscopic observation, root tips were soaked in 1 N HC1 
for 1 h followed by 10 min at 60°C. After immersion in tap water, the root tips were 
stained in a drop of 1.5 % Orcein acetate solution on a slide glass and then squashed. 

DNA Extraction, Amplification, and Sequencing 

Total genomic DNA was extracted from silica gel-dried leaf tissue using the method 
of Doyle and Doyle (1987) with slight modifications after pretreatment with HEPES 
buffer (pH 8.0) (Setoguchi 8c Ohba 1995). Sequences determined in our current study 
were registered with the DNA Data Bank of Japan (DDBJ), which is linked to GenBank, 
and their accession numbers are given with the sample information in Appendix 1. 

Target regions in plastid DNA were amplified by polymerase chain reaction (PCR) 
using the following primer pairs: rbcL_Zl (Wolf el al. 1994) and rbcL_636R (P.G. 
Wolf http://bioweb.usu.edu/wolf/rbcL%20primcr%20map.htm) or RM_F and RM_R 
(Ito et al. 2010) for rbcL and psbAP and trnHR (Sang et al. 1997) for the psbA-trnH 
intcrgenic region. PCR amplification was conducted using TaKaRa Ex Taq polymerase 
(TaKaRa Bio, Shiga, Japan), and PCR cycling conditions were: 94°C for 60 sec, followed 
by 30 cycles at 94°C for 45 sec, 52°C for 30 sec, and 72°C for 60 sec, followed by a 
final incubation at 72°C for 5 min. The PCR products were digested with ExoSAP-lT 
(USB, OH, USA) and amplified using the AB1 PRISM Big Dye Terminator v3.1 kit 
(Applied Biosystems, Foster City, CA, USA) with the same primers used for the initial 
PCR amplification reaction. DNA sequencing was performed using an ABI PRISM 
377 DNA Sequencer (Applied Biosystems). Complementary electrophcrograms were 
compared by eye using the Genetyx-Win Version 3 software (Software Development 
Co. Ltd., Tokyo, Japan). 

Nuclear-encodcd phy\\ of the phytochrome gene family was selected as a nuclear 
marker because it is a single- or low-copy nuclear marker in several plant groups and 
thus advantageous for phylogenetic comparisons (Mathews et al. 2000, Simmons et al. 
2001, Mathews & McBreen 2008, Ito et al. 2010). PCR amplification was performed 
using either phyB_38F or phyB_RuppiaF (Ito et al. 2010) with B-down (Mathews 
et al. 2000) under the following conditions: 94°C for 60 sec, followed by 25 cycles at 
94°C for 45 sec, 60°C for 60 sec, and 72°C for 90 sec, followed by a final incubation at 
72°C for 5 min. The PCR products were purified using a GencClean II kit (BIO 101, 
Carlsbad, CA, USA) and directly sequenced. Overlapping double peaks at the same 
sites were identified for complementary strands in electrophcrograms. PCR products 
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with overlapping peaks were cloned using a TOPO TA Cloning kit for sequencing 
(Invitrogcn Corp., Carlsbad, CA, USA). At least 16 clones per sample were chosen and 
their sequences were determined using the same procedure as used for the initial PCR 
amplification reactions, followed by direct sequencing. Clones containing nucleotides 
that were not detected by direct sequencing were regarded as PCR errors. 

Data analysis 

Multiple sequences of each gene were manually aligned because no length mutation 
was detected for r/;cL and phyB. Phylogenetic analyses were independently performed 
for rbcL and phyB because we detected some well-supported incongruence between 
genomes and because distinct sequences of phyB were obtained from two samples 
(NT2445 & YI01240). One representative sequence per operational taxonomic unit 
(OTU) was used for the following phylogenetic analyses. Phylogenetic inference was 
performed using maximum parsimony (MP) and maximum likelihood (ML) in 
PAUP* 4.0b 10 (Swofford 2002), as well as Bayesian inferences (Bl) in MrBayes 3.1.2 
(Ronquist & Huelsenbeck 2003). In the MP analysis, a heuristic search was performed 
with 100 random addition replicates involving tree-bisection-reconnection (TBR) 
branch swapping, with the MulTrees option selected. The MaxTrees option was set 
at “no limits” for the analysis. Bootstrap analyses (Felsenstein 1985) were performed 
using 1000 replicates with TBR branch swapping and simple addition sequences. In 
the ML analysis, heuristic searches were performed with 10 random addition replicates 
using a best-fit model (HKY+G for rbcL and K80 l G for phyB). Parameter values were 
estimated by a hierarchical likelihood ratio test in the program Modeltest 3.7 (Posada 
& Crandall 1998). Bootstrap analyses were performed using 1000 replicates with 
TBR branch swapping and as-is addition sequences under the same ML models. In 
the Bayesian analysis, hierarchical likelihood ratio tests implemented in the program 
MrModeltest 3.7 (Nylander 2002) were used for substitution model selection (HKY 
+ G for rbcL; K80 + G for phyB). The Bayesian Markov chain Monte Carlo (MCMC) 
algorithm was applied for 1 million generations in both the rbcL and phyB analyses, 
with four incrementally heated chains starting from random trees and sampling one 
out of every 100 generations. Of the rbcL and phyB generations, the first 25% of trees 
(250,000 generations for both data sets) were discarded as burn-in, and the remaining 
trees were used to calculate a 50% majority-rule consensus tree and to determine 
posterior probabilities for branches. The data matrices and the MP and Bayesian trees 
are available from the TrceBASE database (study accession http://purl.org/phylo/ 

treebase/phylows/study/TB2:S 10689). 

Statistical parsimony analyses of Halodule haplotypes from western Pacific samples 
were performed using the program TCS version 1.21 (Clement et al. 2000) with a 95% 
parsimony connection limit. One insertion (six nucleotides) resulting from an inverted 
duplication of an adjacent sequence was coded as a single evolutionary event with the 
gaps = 5th state’ option selected. 
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Results 

Chromosome numbers 

A diploid genome with 2 n = 44 was observed in H.pinifolia (YIO1241) and H. utiinervis 
“Narrow” (YIO1240) (Fig. 1, Table 1). This is in agreement with the number previously 
reported for H. wrightii from the western tropical Atlantic by den Hartog et al. (1979). 

Molecular Phylogeny 

In the current study, the sequences determined for r/;cL were comprised of the coding 
region, with a length of 1295 bp for all samples examined. To adjust the length of the 
sequences, a portion of the amplified and GenBank sequences was discarded to give a 
total length of 1179 bp, except for one sequence of H. wrightii, for which the length was 
792 bp in total (AY787476 + AY787477). The molecular phylogenetic analyses yielded 
two MP trees (tree length = 115 steps, consistency index = 0.9826, retention index 
= 0.9375) and one ML tree with -InL = 2264.6001. Because the MP and ML trees 
showed largely congruent topologies, one of the two MP trees with branch support 
values derived from MP, ML and BI analyses is shown in Fig. 2A. In the tree, one branch 
and two cladcs were obtained and named RL-I to RL-I11 (Fig. 2A). RL-I contained 
H. wrightii and II. beaudettei from the western tropical Atlantic (96%, 96%, 1.00 
for MP, ML bootstrap supports, and Bayesian posterior probability). The remaining 
samples from the western Pacific were divided into RL-I I and RL-I1I (72%, 56%, 0.91); 
the former consisted of II. pinifolia, and the latter consisted of H. utiinervis “Narrow,” 
II. utiinervis “Wide,” and one sequence of H.pinifolia (U80690). 

The sequence determined for phyB comprised a part of exon 1, with a length of 1050 
bp for most samples (562bp for three samples and no sequences for two samples); 
the OTUs correspond to those shown in Fig. 2A. Of the 14 Halodule samples, two 
samples had two different phy\\ sequences each, whereas the others had a single phyB 
sequence. An identical MP tree (tree length = 321 steps, consistency index = 0.9751, 
retention index = 0.9158) and an ML tree with 2865.1418 were obtained, and the 
former is shown with branch support values derived from MP, ML and BI analyses 
in Fig. 2B. Three well-separated branches were obtained and named PB-1 to PB-III 
(Fig. 2B). Samples were divided into PB-I and PB-II plus PB-III representing samples 
from the western tropical Atlantic and the western Pacific, respectively. PB-11 and PB-III 
contained H.pinifolia and H. uninervis “Wide”, and the heterogeneous phyB sequences 
of H. uninervis “Narrow” were placed in both PB-II and PB-III. 

Haplotype analysis 

Each fragment ofps/;A-frrzH in Halodule was 282 bp, and 288 bp in total after alignment 
according to Simmons and Ochoterena (2000), resulting in six haplotypes including 
five nucleotide substitutions and one indcl variation (Table 2). All haplotypes were 
connected to the network constructed by TCS (Fig. 3). Two large clusters, haplotypes 
A and B and haplotypes C-F, were obtained. The former included those from 
H. pinifolia, and the latter included those from H. uninervis “Narrow” and “Wide”. 
Halodule mimer vis “Narrow” was comprised of haplotypes C, D, and F, and II. uninervis 
“Wide” was comprised of haplotype E. No haplotype sharing was obtained. Haplotype 
A was distributed widely from Japan to Singapore to Vanuatu, whereas haplotypes B, 
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Fig. 1. Somatic chromosomes of the hybrid of Halodule. Bar indicates 10 mm. 
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Fig. 2. The most parsimonious trees of Halodule based on (A) plastid DNA (rbch) and (B) nuclear- 
encoded phytt sequences. Samples collected in this study were identified by leaf morphology 
according to the taxonomic criteria of den Hartog (1970). DELTRAN optimisation was used 
for branch length measures of the phylograms. Numbers above the branches indicate bootstrap 
support calculated by maximum parsimony analysis, and those below indicate Bayesian prior 
probabilities. Samples in bold indicate those with heterogeneous p/iyB sequences. Chromosome 
counts are given in brackets beside accession numbers. 
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Fig. 3. Haplotype network of Halodule from the western Pacific based on psbA-trnH sequences. 
Haplotypes of H. pinifolia and H. unitiervis plus the hybrid of Halodule are indicated with 
open and solid circles, respectively. Small solid circles indicate missing haplotypes. Each line 
connecting haplotypes indicates one mutational step. 



Fig. 4. Geographic distribution of Halodule in the western Pacific. Symbols indicate the samples 
examined in this study: H. pinifolia (A), H. uninervis (□), and the hybrid of Halodule (☆). 
Haplotype letters arc as in Fig. 3. The dotted triangles indicate specimens of H. pinifolia for 
which only plastid DNA was analysed. 
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C, D, E, and F were restricted to Myanmar, Japan, Guam, Japan, and Japan, respectively. 
Multiple haplotypes were obtained in two localities in Japan; haplotypes A, C, and E 
were found in Amami and haplotypes A, E, and F were found in Okinawa (Fig. 4). 


Discussion 

In the present study, the separate molecular phylogenetic analyses of the rbcL and 
p/iyB sequences partially resolved the phylogenetic relationships within Halodule. 
A comparison of the trees showed similarities, e.g., RL-II corresponded to PI3-II, 
yet topological incongruence seems to be attributable to the fact that two samples 
had distinct p/iyB sequences (NT2445 and YI01240). When hybridisation and/or 
polyploidisation occur, similar topological incongruence between ptDNA and nDNA 
trees is often observed (e.g. Winkworth & Donoghue 2004, Obbard et al. 2006, Ohi- 
Toma et al. 2006, Kim ct al. 2008, Ito et al. 2010). Given the inferred phylogenetic 
relationships, the systematics and evolution of the genus and the origin of a hybrid of 
Halodule are discussed below. 

Systematics and evolution of Halodule 

Molecular phylogeny resolved three clades that were comprised of (1) H. beaudettei 
and II. wrightii, (2) //. pinifolia, and (3) H. uninervis “Wide,” and H. pinifolia (Fig. 
2). The tridentate leaf tip of H. beaudettei was used by den Ilartog (1970) to 
morphologically differentiate it from H. wrightii, which has a bicuspidate leaf tip, 
but the two were clustered in the rbcL tree. McMillan (1980) elucidated a uniform 
pattern of isozymes based on an extensive study, mostly covering the distribution of 
H. beaudettei, H. wrightii, and two other local species in the western tropical Atlantic. 
He also investigated leaf width and leaf tip morphology. The current work suggests 
that, despite some genetic variation, H. beaudettei should be grouped together with 
H. wrightii and named H. wrightii s.l. 

Although some genetic differentiation was observed, the results are also consistent 
with the Genbank accession U80690 of H. pinifolia being misidentified material of 
H. uninervis. The leaf width of H. pinifolia is 0.6-1.2 mm and that for H. uninervis 
is 0.25—3.5 mm (den Hartog 1970) and the emphasis he placed on these overlapping 
characters makes misidentification very easy. A similar confusion was observed in a 
previous molecular study, in which neither internal transcribed spacers (ITS) nor trn L 
trees resolved H. pinifolia and Ii. uninervis (Waycott & Barnes unpublished). 

Flowers and fruits have seldom been collected from Halodule specimens; thus, 
identification and classification are carried out using vegetative morphology. Along 
with the molecular data, we distinguished three species by leaf tip morphology, leaf 
width, and the length of the leaf sheath; H. pinifolia leaves exhibit a round, narrow 
(0.3—0.9 mm), and short (15.4—23.6 mm) morphology; H. uninervis leaves are 
tridentate, wide (2.1-2.7 mm), and short (8.0-30.9 mm), whereas H. wrightii s.l. leaves 
are bicuspidate or tridentate, narrow (0.5-0.7 mm), and long (29.3-40.0 mm) (Table 
1). II. uninervis “Narrow” (NT2445 & YI01240) has tridentate leaf tips, medium leaf 
width (1.0-1.9 mm), and medium leaf sheath (21.8-37.0 mm) and may be of hybrid 
origin (see below). 
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Table 1. Systematics of Halodule with each morphological characters. 



Hybrid 

H. pinifolia 

H. beaudettei 

H. uninervis 

H. wrightii'- 

Chromosome numbers (2n) 

44 

44 

- 

- 

44 

Geographic distributions 

western 

western 

western 

western 

western 


Pacific 

Pacific 

tropical 

Atlantic 

tropical 

Atlantic 

Pacific 

Leaf tip 

tridentate 

round 

tridentate 

tridentate 

bicuspicate 

Leaf width 

intermediate 

narrow 

narrow 

wide 

narrow 

Length of leaf sheath 

*den Hartog (1970). 

short 

short 

long 

short 

long 


Table 2. Nucleotide sequence variation and haplotypes of psbA-trnH in the Western 
Pacific Halodule. 


Haplotype 


A 

B 

C 

D 

E 

F 


(288 bp) 

95 113-124* 

G ATAAAA 

G TTTTAT 

G ATAAAA 

G TTTTAT 

T ATAAAA 

T ATAAAA 


* Asterisk indicates an inverted repeat. 


142 

C 

C 

C 

C 

C 

A 


150 151 

T A 

T A 

G G 

G G 

G G 

G G 
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G 

G 

T 

T 

T 

T 


An isozyme study of Halodule showed a clear difference between samples from the 
western tropical Atlantic and the Indo-Pacific (McMillan et al. 1981, McMillan 1991). 
A molecular phylogeny based on the ITS of nDNA also showed two clusters, one 
from the western tropical Atlantic and the other from the western Pacific (Waycott 
& Barnes unpublished). Because samples from the western tropical Atlantic and the 
western Pacific were nested in the rbcL and phyE trees (Fig. 2), allopatric differentiation 
between the western tropical Atlantic and the western Pacific clades may have occurred 
during the early stages of the evolution of the genus (Phillips & Mencz 1988). On the 
other hand, a molecular phylogeny of Halodule based on the trn L of ptDNA showed 
two clusters, one from the western tropical Atlantic and the western Pacific, and the 
other from only the western Pacific (Waycott 8< Barnes unpublished). 

Den Hartog (1979) considered H. wrightii to be tetraploid after comparing its 
chromosome number with other seagrasses, i.e., In = 20 for Syringodium, 2n- 18 for 
Thalassia. Our current study revealed the chromosome number of II. pinifolia to be 
2 n = 44 (Fig. 1, Table I), the same as that of II. wrightii (den Hartog et al. 1979). The 
copy number of phyE in most of the samples is one, suggesting all the Halodule species 
seem to be diploids, and thus polyploidisation has not occurred in the genus. 



228 


Telopea 13(1-2): 2011 


Ito and Tanaka 


Hybridisation 

Hybridisation is common in aquatic plants but not in seagrasscs (Les & Philbrick 
1993). Our current study detected a hybrid in the seagrass genus, Halodule, based on 
molecular analyses. This is evident because H. unwervis“Narrow” (NT2445 & YIO1240) 
harboured heterogeneous sequences, leading to their assignment to two different 
positions in the phyB tree, one with II. pirtifolia and the other with H. uninervis (Fig. 
2). Assuming maternal inheritance of chloroplast DNA in Halodule as reported for 
Potamogeton (Potamogetonaceae) (Kaplan & Fehrcr 2006), and given the rbcl sequence 
identity between H. uninervis “Narrow” and II. uninervis “Wide”, the hybrid was likely 
established by a cross between the maternal II. uninervis and the paternal H. pinifolia. 
This hybrid is morphologically characterised by the leaf width, which is intermediate 
between the parental species. Further comparison will be needed between the hybrid 
and H. tridentala from the western Pacific, a taxon that has been documented as a 
species (den Hartog 1964,1970; den Hartog & Kuo 2006) or a narrow-leaved variety of 
II. uninervis (den Hartog 1970). 

The present haplotype analysis suggests that the hybrid resulted from a single 
hybridisation event, possibly in an area where H. pinifolia and uncollected H. uninervis 
with haplotype E coexisted (Fig. 4). It is likely that the hybrid was then dispersed to 
its present localities clonally or by seeds. Because the distributions of both II. pinifolia 
and II. uninervis broadly overlap in the western Pacific (Phillips & Menez 1988), these 
species may coexist there. Ohba and Miyata (2007) identified a putative hybrid between 
H. tridentata (probably morphologically the same as H. pinifolia in our current study) 
and H. uninervis , in which II. tridentata- related rbcl. sequences shared identity with 
those of IT. uninervis from Okinawa, Japan. Multiple origins of hybrids have been 
identified in the aquatic plant Potamogeton (King et al. 2001, Fant et al. 2003, 2005, 
Kaplan & Fehrer 2006, Amano et al. 2008), suggesting multiple origins are also likely 
in Halodule. Further samples are needed to resolve details of the origin and evolution 
of this hybrid. 
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Appendix 1. Sample information of Halodule used in the current study. — denotes missing 
sequence. Herbaria abbreviations: The University of Tokyo = Tl, Kochi Prefectural Makino 
Botanical Garden = MBK, National Museum of Nature and Science = TNS, National Herbarium of 
New South Wales = NSW. Collector abbreviations: NT = N. Tanaka, SJ = Surrey Jacobs, Y = Y. Ito. 


Taxon — Voucher; Location; GenBank accessions: rbcL, psbA-trnH, and phyfi ( a = partially obtained 
sequences); haplotype; deposited herbaria; chromosome number 

Halodule hybrid — NT2445; Miyakojima, Okinawa, Japan; AB571207, AB571193, AB571215: 
AB571221; E; TNS; 2 n = ?. YI01240, Kourijima Island, Nakijin Village, Okinawa, Japan; AB571206, 
AB571192, AB571216: AB571222; E; TNS; 2 n = 44. 

H. pinifolia (Miki) den Hartog — NT1160; East side of Peninsula, Rayong, Thailand; AB571204, 

AB571189, J AB571217; A; TNS; In = ?. NT1772; Hainan Is!., P.R. China; AB571203, AB571188, 
AB571211; A; TNS; 2n = ?. NT2448, Miyakojima, Okinawa, Japan; AB571202, AB571187, AB571212; 
A; TNS; 2n = ? TD123, Vanuatu; AB571201, AB571186, ’AB571218; A; TNS; 2 n = ?. YI00790, Nagura 
wetland, Ishigaki Isl., Okinawa, Japan; AB571200, AB571185, AB571213; A; TNS; 2n = ?. YI01241, 
Kourijima Island, Nakijin Village, Okinawa, Japan; AB571198, AB571183, AB571214; A; TNS; 2n = 44. 
YI01388', Singapore; AB571199, AB571184, — ; A; TNS; 2 n = ?. NT et al. 040945, Yangon, Myanmar; 
AB571205, AB571190, — ; A; MBK, Tl; 2 n = ?. 

H. uninervis (Forsk.) Aschers. — NT1682, Guam, U.S.A.; AB571208, AB571192, AB571219; D; TNS; 

2n = ?. NT2444 ; Miyakojima, Okinawa, Japan; AB571209, AB571191, •‘AB571223; TNS; C; 2n = ?. 
YI01242, Kourijima Island, Nakijin Village, Okinawa, Japan; AB571210, AB571195, AB571220; F; TNS; 
2n = 7. 

H. beaudettei den Hartog — YI01254, Texas Bay, Texas, USA; AB571197, — , AB571225; TNS; 2 n = ?. 

Halodule sp. — YI01253, Mobile Bay, Alabama, USA; AB571196, —, AB571224; TNS; 2n = ?. 

Ruppia megacarpa S.Mason — SJ9712, Lakes Entrance, Victoria, Australia; AB507891, —, AB508067; 
NSW. 

Potamogeton maackianus A.Benn. — NT et al. 080052, Yae Aye Kan, Kalaw Township, Shan State, 
Myanmar; AB506769, —, AB559939; MBK, Tl; 2 n = ?. 
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Abstract 

Nymphaea lukei and N. noelae, both Nymphaeaceae subgenus Confluentes, are described from 
the Kimberley region of Western Australia and Cape York region of Queensland respectively. 
The new combination and status of Nymphaea kiinberleyensis is provided for Nymphaea 
immutabilis subsp. kimberleyensis from Western Australia. From Central Eastern Queensland 
Nymphaea jacobsii (subgenus Anecphya), with two subspecies, and N. vaporalis are described 
as new taxa. The potential hybrid origin of N. kimberleyensis and N. vaporalis is discussed, as is 
the presence of an intergrade complex. Another hybrid, N. jacobsii x N. violacea, is described 
but not named. A key is provided for the native and naturalised species of Nymphaea in Australia. 


Introduction 

Nymphaea includes 17 native species and 4 naturalised species in Australia. We have 
been studying this complex genus over more than 20 years, undertaking many field 
trips in northern Australia to study the populations in the field. Since the Flora of 
Australia treatment was published (Jacobs and Porter 2007), molecular data have been 
helpful in understanding the complexities of breeding systems (Borsch ct al. 2007; 
Loehne et al. 2008) in this morphologically difficult genus. Here we describe three new 
species in the subgenus Confluentes and one new species in subgenus Anecphya, raise 
one subspecies to specific rank in subgenus Anecphya, discuss the role of hybridisation 
in some situations, and provide a revised key to all native and naturalised species. 


1 Surrey Jacobs retired as Senior Principal Research Scientist from the Royal Botanic Gardens, Sydney on 
November 20,2009. He died a week later on November 26,2009. Surrey wrote most of the original version 
of this manuscript. We continued improving the manuscript in February 2009, with revisions following the 
review of the manuscript just before his death. Surrey contributed to the understanding of the Australian 
water-lilies and named 11 new species, including those named here, during his lifetime. As a tribute to 
Surrey and all his work with the water-lilies, I chose to honour him by renaming one of the new waterlilies 
described in this paper to Nymphaea jacobsii. 


© 2011 Royal Botanic Gardens and Domain Trust 
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Note that where multiple parts of a specimen are cited (usually a pressed specimen and 
flowers in alcohol) as a holotype, these are all taken from the same collection and are 
therefore all part of the holotype as defined in Article 8.3 of the International Code of 
Botanical Nomenclature (McNeill et al. 2006). 

Taxonomic section 

Subgenus Confluente s 

Lohneetal.(2008),intheirpublicationonevolutionarypatternsinAustralianNywp/ifle«, 

demonstrated a complex pattern of a genomic-based breeding system in subgenus 
Cotifluentes. There are two genomes, and N. violacea can be either heterogenomic or 
homogenomic whereas the peripheral species seem to be homogenomic for one or the 
other genomes. Here we describe two new species (one from the Kimberley, Western 
Australia and one from Cape York, Queensland) based on morphological data that are 
corroborated by DNA evidence provided in that study for two sets of accessions ((i) 
NY110, NY448; and (ii) NY413, NY419, NY420). We had recognised these two taxa as 
distinct some years previously but delayed their formal description as species pending a 
better understanding of the nuclear and plastid DNA patterns, as early results indicated 
a possible complex breeding system. 

The type material of N. violacea is too old to permit extraction of DNA suitable for 
sequence analyses. The type is from ‘Cape York’, which covers the general area where 
both genomes (Lohne et al. 2008) have been recorded. However, the morphological 
characteristics are more than sufficient to separate the type of N. violacea from the 
Kimberley and Cape York taxa mentioned here. 

Water-lilies initially identified as N. violacea collected in the Kimberley, Western 
Australia, on closer inspection appeared to be different from the typical N. violacea. 
This is here described as a new species. 

Nymphaea lukei S.W.L.Jacobs & Hellq. sp. nov. 

N. violaceae similis sed petalis valde bicoloratis, margine foliis profimde sinuato, stipulis 
longioribus, seminibus pilis seriatim, differt. 

Type: Western Australia: Dampier: March Fly Glen, c. 210 km NE Derby, Gibb River 
Rd, 385 m, S. Jacobs 9862, 2 May 2008. Holotype: NSW 835315. Isotypes: NSW 835318; 
PERTH; NASC; DNA. 

Annual or perennial with a globose rhizome c. 2-2.5 cm diam. Leaf blade elliptic, 
9.7—28 cm long, 7.2—25 cm wide; margins sinuate to strongly sinuate; stipules fused 
for c. 2-3 cm, the apical lobe free, acute c. 0.5 cm long, rarely this lobe at right-angles 
to the petiole. Flowers to 30 cm above the water, pleasantly-scented, day-flowering. 
Sepals 3.5-6.5 cm long, 0.5-2.5 cm wide, green outside, outer margins deep blue 
especially towards the acute tip. Petals mostly 15-30, 3-6 cm long, 1.3—2 cm wide, 
lanceolate, white below, grading into deep blue or mauve above; no gap between petals 
and stamens; tip acute. Stamens yellow, 75—250; filaments membranous, 5—12 mm 
long; anthers to 4—15 mm long; appendage white, much reduced and only visible on 
outer stamens. Ovary usually red at the apex, with vestigial or obsolete sterile lobes; 
carpels 16—30. Fruit globose, c. 1.5—3 x 1.5—2.5 cm; seeds elongated, 2.1—2.5 mm long, 
1 -8-1.9 mm wide, shortly hairy with hairs to 0.03-0.06(-l) mm long, hairs in more or 
less well-defined rows; epidermal cells of seed coat with minute (c. 3 pm diam.) wart¬ 
like projections, often more concentrated on the lobes. 
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Selection of specimens examined: Western Australia: Gardner: Dog Chain Ck, c. 200 km NE 
Derby, Gibb R. Rd, Jacobs 5592 & Wilson, 1 0 May 1988 (NSW280734 8c 704227); Jacobs 9864, 22 
May 2008 (NSW835321; PERTH; NASC); McCarthy 267, 17 May 1988 (NSW2I7963). Adcock 
Gorge, c. 275 km NE Derby, Gibb R. Rd, Jacobs 8838 & Hellquist 29 Jun 2002 (NSW497791 8c 
513269; PERTH; NASC; B); Jacobs 9869, 23 May 2008 (NSW835319; PERTH; NASC). Dampier: 
March Ely Glen, Jacobs 4316, 30 May 1982 (NSW681353); Jacobs 5643 & Wilson, 15 May 1988 
(NSW389815 8c 705216); Jacobs 5660 & Wilson, 17 May 1988 (NSW389813, 705256 8c 715256); 
Jacobs 8835 & Hellquist, 28 Jun 2002 (NSW497797,497798 8c 513270; PERTH; NASC). Brooking 
Gorge, Jacobs 5711 & Wilson, 24 May 1988 (NSW681149). Fitzgerald: Lcnnard R., Ml Broome 
Rd, Jacobs 5704 & Wilson, 21 May 1988 (NSW389811 8c 705382). Upper Leonard R„ ‘Mt Hart’, 
Jacobs 4313, 4314, 29 May 1982 (NSW681350 8c 681351). Apex Ck, c. 73 km N Leonard R. 
crossing, Gibb R. Rd, Jacobs 8834 & Hellquist, 28 Jun 2002 (NSW498095-97 8c 513295). 

Nymphaea lukei grows in more or less perennial pools in creeks and rivers of the Western 
Kimberley, mainly north and west of the King Leopold Range. Flowering occurs mostly 
towards the end of the wet and well into the dry season. It can be distinguished from 
N. violacea by its distinctive two-coloured petals, its hairy seeds with the hairs in rows, 
its usually strongly sinuate leaf margins of mature leaves, and absence from floodplain 
billabongs. This species belongs to subgenus Confluentes and is based on material 
assigned formerly to N. violacea. 

The species is named after Luke Jaden Fussell, grandson of SWLJ. 

A new species from Cape York, Queensland is here described. Specimens of this species 
have usually been identified as N. violacea from which it differs in the less acute petals, 
the smaller white, rarely blue flowers and, locally, in the swollen digitate arms of the 
seed epidermal cells. Comparatively short swollen interdigitate arms of the epidermal 
cells arc sometimes also recorded in N. violacea, but so far only in the Top End of the 
Northern Territory (Jacobs 8c Porter 2007). 

Nymphaea noelae S.W.L.Jacobs 8c Hellq. sp. ttov. 

A N. elleniac petalis obtusioribus, pagina abaxiali folii viridiore, cellulis epidermalibus 
seminum lumcne latiore non tumidove, differt. 

Type: Queensland: Cook: Cape York: Jerry Lagoon, c. 24 km N of Coen- Ranger Station 
Rd on Langi Lagoon Rd [Mungkan-Kanju National Park (Rokeby National Park)], alt. 
73 m, S. Jacobs 9668 & C.B. Hellquist, 17 Jun 2007. Holotype: NSW 835348 (sheet), 
833758 8c 833759 (both spirit). Isotypes: NASC; BRI. 

Annual or perennial with a globose rhizome c. 2 cm diam. Blade elliptic to sub-orbicular, 
13.5-23 cm long, 10.5-22 cm wide, undersurface green in centre, often purple towards 
margin; margins slightly or barely sinuate; stipules fused for 1 (-6) cm, the apical lobe 
free, acute, to c. 1 cm long. Flowers to 30 cm above the water, faintly-scented, day- 
flowering. Sepals 4, 7.5-8.0 cm long, 2.3-2.6 cm wide green outside; tip acute. Petals 
12-20, 4.5-6.0 cm long, 1.2-2.0 cm wide, lanceolate, white or sometimes with some 
faint blue, grading into the stamens, no gap between petals and stamens; tip broad 
to acute. Stamens yellow, 100-200; filaments membranous, 8-18 mm long on larger 
stamens; anthers 2-12 mm long on larger stamens; appendage yellow to while, much 
reduced and only visible on outer stamens. Ovary sometimes red at the apex, with 
vestigial or obsolete sterile lobes; carpels 14-16. Fruit globose, 4-5 cm long, 3 cm diam.; 
seeds elongated, 1.2-2 mm long, 0.8-1.4 mm wide, glabrous; epidermal cells with the 
lumen wider than the interdigitate arms but not swollen; interdigitate arms swollen. 
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Selection of specimens examined: Queensland: Cook: Cape York: Bobs [?Jerry] Lagoon, c. 24 
km N of Rokeby Ranger Station Rd, Hellquist 16761, Aug 2002 (NASC; NSW835320; BRI); Twin 
Lagoon, c. 25 km N of Coen-Ranger Station Rd [Mungken-Kanju (Rokeby) National Park) on 
Langi Lagoon Rd , Jacobs 9667 & Hellquist, 17 Jun 2007 (NSW833760,833761 & 835347; NASC; 
BRI); 22 km N Wcipa turn-off, Bamaga Rd, Jacobs 9665 & Hellquist, 16 Jun 2007 (NSW833762 
8c 835346; NASC; BRI; MEL); c. 22 km W of Bamaga Rd on ‘Batavia Downs’ Rd, Jacobs 9662 & 
Hellquist, 16 Jun 2007 (NSW833756; 833757 8c 835349; NASC; BRI). 

Nymphaea noelae grows in near-perennial billabongs and lagoons whereas N. elleniae 
grows in rivers and streams, often on sandy substrates. This species can be distinguished 
from N. elleniae by the less acute petals, the epidermal cells of the seeds with a broader 
non-swollen lumen, and comparatively shorter (swollen) interdigitate arms. 

The species is named for Noel Elizabeth Hellquist, granddaughter of CB11. 

Northeast of Charters Towers, Queensland is the old railway town of M ingala. Between 
the rail line and the road is an old dam built to supply water for steam engines, now 
part of the town water supply. This dam is more or less covered with a blue-flowered 
Nytnjthaea. This Nymphaea is intermediate in some respects between subgenus 
Confluentes and subgenus Atiecphya, mainly in the presence of the subg. Anecphya 
character of an indistinct gap between the petals and the stamens; indistinct only 
because there are a few scattered membranous filaments across the gap. While it 
appears this taxon is of possible hybrid origin, it does not appear to be a simple FI or 
F2 as the plants have a preponderance of characters of subgenus Confluentes (sinuate 
leaf margins, scented flowers, small glabrous seeds). There is a high proportion of 
aborted seed but substantial seed is still produced and it germinates readily (I lellcjuist, 
unpublished). No other species arc present in the dam or visible nearby and, from the 
map, it does not appear there are suitable habitats in the immediate vicinity, though 
there are some potential habitats within 5-6 km (Pandanus Ck, Station Ck). Due to the 
seed size we regard this as a population in the subgenus Confluentes. 

Because this appears to be a stable self-maintaining population of potential 
hybrid origin, but without either parent growing close by, we here provide a name 
(N. vaporalis) and description for this taxon above. 

Nymphaea vaporalis S.W.L. Jacobs & Hellq. sp. nov. 

N. violaceae affinis, sed seminibus majoribus, petalis staminibusque zona manifesta 
separatis, differt. 

Type: Queensland: North Kennedy: Old railway dam, c. 1 km W of Mingela, 19°52.664'S 
146°37.695'E 287 m, S. Jacobs 9637 & C.B. Hellcjuist, 10 Jun 2007. Holotype: NSW 
835329 (sheet), NSW 833775 (spirit). Isotypes: NASC; BRI. 

Annual or perennial with a globose rhizome. Blade elliptic to sub-orbicular, to c. 33 cm 
long, to c. 28 cm wide; margins almost entire to sinuate; stipules 1.5-3.7 cm long, the 
apical lobe free, acute, c. 1-3 mm long, this lobe from erect, 45°, 75° or at right angles 
to the petiole. Flowers to 30 cm above the water, day-flowering, with a faint cinnamon¬ 
like odour. Sepals to 12 cm long and 3.5 cm wide, green outside, outer margins blue 
especially towards the tip; tip acute. Petals mostly to (10-)22-25 cm long, 1.8-2.5 cm 
wide, lanceolate, white below, grading into blue above; lip acute to broad acute; gap 
between petals and stamens interspersed with scattered broad membranous filaments. 
Stamens yellow, to c. 200; filaments membranous, to c. 2.3 cm long on larger stamens; 
anthers to c. 0.8 cm long; appendage white, much reduced and only visible on outer 
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stamens. Ovary with vestigial sterile lobes; carpels c. 18. Fruit globose, c. 4 x 3 cm; seeds 
elongated, c. 2-2.6 mm long, 1 .5 mm wide, glabrous; high proportion of aborted seed; 
fully formed seed fertile. 

Specimen examined: Queensland: North Kennedy: c. 1 km W of Mingela, Jacobs 9638 & 
Hellquist, 10 Jun 2007 (NSW833776 & 835328; NASC; BR1). 

The species is named vaporalis- ‘of steam, smoke’ - for the old steam engine water 
supply near Mingala where this species grows, thus far the only known locality for this 
taxon of possible hybrid origin. 

Subgenus Anecphya 

Lohne et al. (2008) concluded that Nymphaea immutabilis subsp. kimberleyensis was 
likely of hybrid origin. One parent was proposed as N. violacea and the other an 
unknown species of subgenus Anecphya. While the second parent was not clear, they 
suggested it was more likely to be a species other than N. immutabilis. However Lohne 
et al. (2008) also suggested a more careful examination, including additional markers 
and detailed morphological analysis, would be necessary to better determine the history 
of this species. No other species grows with N. immutabilis subsp. kimberleyensi at the 
Fitzroy Crossing, Western Australia, site or in the immediate vicinity. Whilst N. violacea 
has been recorded from that general area of the Kimberley, there are no records of any 
species of subgenus Anecphya, though searching has not been exhaustive. The closest 
known record to date is for N. macrospertna (or aff. from near Wyndham, Western 
Australia, approximately 425 km to the northwest.). With only limited opportunities 
to search, we have been unable to find mature seed in the only known population 
of Nymphaea immutabilis subsp. kimberleyensis. We have found immature seed and 
the remains of eaten-out fruit. The population is self-maintaining and there is no 
suggestion it is of recent origin. As it is misplaced as a subspecies of N. immutabilis, 
and because of its possible hybrid origin, we here raise it to specific rank. 

Nymphaea kimberleyensis (S.W.L.Jacobs) S.W.L.Jacobs & Hcllq. comb, et stat nov. 

Basionym: Nymphaea immutabilis subsp. kimberleyensis S.W.L.Jacobs (1992: 638). 

Type: Western Australia: Dampier: Kimberley region, S.W.L. Jacobs 5706 & P.G. Wilson, 
23 May 1988. Holotype: NSW 280702 (sheet), NSW 704374 (spirit). Isotype: PERTH. 

An area centred on Charters Towers (Central Eastern Queensland) shows high 
variability in native Nymphaea populations. It is an area where suspected hybrids 
between subgenera are comparatively common, and where several populations seem 
to represent intergrades between species in the subgenera Anecphya and/or Confluentes 
(personal observations). Unfortunately, DNA studies arc yet to help in interpreting the 
situation. This is our first attempt to describe some of that variability. Details of the 
taxa found in several localities are discussed below. 

Lake Powlathanga 

Lake Powlathanga west of Charters Towers is a large (c. 320 ha) ephemeral lake that 
is marked on maps as having a more or less perennial deeper section. It is part of the 
Balfe Creek drainage/flood system. In appropriate seasons the whole lake produces a 
spectacular display of Nymphaea. 

The Nymphaea in the lake can be best treated as three taxa. When the lake is completely 
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full there is a zone of N. violacea in the shallowest margins. The huge mass and number 
of plants that produce the spectacular display over the bulk of the lake is of a newly 
described species Nymphaea jacobsii, subgenus Anecphya. In a narrow zone between 
the two species there are apparent hybrid plants growing in slightly deeper water than 

N. violacea (subgenus Conjluentes). This hybrid appears to be an FI or F2. 

Various factors, possibly rainfall and depth of lake, seem to influence whether none, one, 
two or three of these taxa are present on the lake at any one lime. During the 1997 visit 
to the lake only the hybrid was observed. The N. violacea has often all but disappeared 
by the time vehicle access is possible. In some years there are only scattered hybrid 
plants growing. This is why it has taken some time to piece the story together. Below we 
provide a description but no formal name for the hybrid as we do not believe it is stable 
and self-maintaining, though we do believe it is a regular component of the Nymphaea 
flora of the lake. The hybrid is intermediate between the two proposed parents, and 
produces a minute amount of fully-formed viable seed (Hellquist unpublished). 

‘Toomba’ Station 

The populations on ‘Toomba’ Station, NW of Charters Towers, vary mainly in stipule 
characters, a character that is reasonably stable and useful elsewhere. Stipule size and 
shape varies from the short stipules with lateral lobes characteristic of N. gigantea 
to some of the longest stipules recorded for subgenus Anecphya (20 cm). The seed 
characters approach those of N. jacobsii (though, again, with some variability), while 
the flower characters are reminiscent of N. immutabilis. Because of the mixing and 
variability of characters (even within a location), the best way to deal with this complex 
of intergrades is not immediately clear to us. We have chosen to place all of the forms, 
and indeed some other forms growing nearby that we have refrained from listing for 
conservation reasons into a subspecies of N. jacobsii (N. jacobsii subsp. toomba). 

Nymphaea jacobsii Hellq. sp. nov. 

N- giganteae affinis, sed seminibus majoribus (ad 7 mm longis), pilis seminum seriebus 
anastomosantibus, differt. 

Type: Queensland: North Kennedy: ‘Powlathanga’, 20°12.016'S 145°58.868'E 323 m, 
S. Jacobs 9647 & C.B. Hellquist, 12 Jun 2007. Holotype: NSW 835333 (sheet), NSW 
833773 8< 833774 (both spirit). Isotypcs: NASC; BRI. 

Annual or perennial with a globose to elongate rhizome. Blade broad-elliptic, to 
40 cm long, to 35 cm wide; margins finely dentate with teeth 1-6 mm long; stipules 
20) cm long, 1.8-6.0 cm wide, the apical lobe free, acute < 1—7(—10) mm long, 
this lobe erect to at right angles to the petiole. Flowers erect to 30 cm above the water, 
day-flowering, not scented. Sepals 4.2-13 cm long, 5.5 cm wide, green outside, outer 
margins blue especially towards the tip, sometimes with dark flecks; tip acute to broad 
acute. Petals 12—24, 1—11.5 cm long, to 2.5-5.5 cm wide, lanceolate, white below, 
grading into deep blue; obvious gap between petals and stamens; tip acute to broadly 
acute. Stamens yellow, c. 150—300; filaments membranous, to < 1—3 mm long on larger 
stamens; anthers 0.7-1.8 mm long; appendage white, much reduced and only visible 
on outer stamens. Ovary with vestigial or obsolete sterile lobes; carpels 12—25. Fruit 
globose, 2.3-9 cm diam.; seeds large, ovoid, 2.6-7 mm long, 2-3.5 mm wide, with hairs 

O. 1-0.13 mm long, the hairs in well-defined anastomosing rows. 
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This species is named for Surrey W.L. Jacobs, former botanist at the Royal Botanic 
Gardens, Sydney and Australian water-lily expert. 

1 he two subspecies can be identified as follows: 

1 Flowers generally larger with sepals 9.5-13 cm long, petals 6.5-11.5 cm long; fruit to 8-9 cm 
diam.; seeds 4.4—7 mm long. subsp. jacobsii 

1*Flowers generally smaller with sepals to 4.2-8.5 cm long, petals to 5-8.5 cm long, fruit 
(2-5—)4—7 cm diam.; seeds 2.6-5(-6) mm long. subsp. toomba 

N. jacobsii subspecies jacobsii 

Annual or perennial with a globose rhizome. Blade broad-elliptic, 19-40 cm long, 17- 
32 cm wide; margins finely dentate with teeth 1-4 mm long; stipules c. 2-3.5 cm, the 
apical lobe free, acute c. 1-6 mm long, this lobe erect to at right angles to the petiole. 
Sepals 9.5-13 cm long, 3.1-5.5 cm wide, green outside, outer margins blue especially 
towards the tip, sometimes with dark flecks; tip acute to broad acute. Petals mostly 
14-24, 6-11.5 cm long, 3.2-5,5 cm wide, lanceolate, while below, grading into deep 
blue; obvious gap between petals and stamens; tip acute. Stamens yellow, 150-300; 
filaments membranous, 10-30 mm long on larger stamens; anthers 0.8—1.4 mm long. 
Ovary with vestigial or obsolete sterile lobes; carpels 16-20. Fruit globose, to c. 8-9 cm 
diam.; seeds large, ovoid, 4—7 mm long, 2.4-2.8 mm wide; with hairs to 0.1-0.13 mm 
long, the hairs in well-defined anastomosing rows. 

Specimen examined: Queensland: Lake Powlathanga, W of Charters Towers, Jacobs 9654 & 
Hellquist, 12 Jun 2007 (NSW833770 & 835337; NASC; BRI). 

N. jacobsii subspecies toomba Hcllq. subsp. nov. 

Subspcciei typicac similis, sed floribus minoribus (sepalis ad 8.5 cm longis, petalis ad 
8.5 cm longis), fructibus ad 7 cm diametro, differt. 

Type: Queensland: North Kennedy: ‘Toomba’, Toomba Creek, Canal Paddock, W of 
Charters lowers, 393 m, S. Jacobs 9643 & C.B. Hellquist, 11 Jun 2007. Holotype: NSW 
835316 (plant on sheet), NSW 833763 (rhizomes), NSW 833753 & 833754 (both 
spirit). Isotypes: BRI; NASC; B; MEL. 

Annual or perennial with a globose to elongate rhizome to c. 25 cm long. Blade 
broad-elliptic to suborbicular, 29-75 cm long, 27—35 cm wide; margins finely dentate 
with teeth 1-6 mm long; stipules I-7(-20) cm long, the apical lobe free, acute, 
<1-10 mm long, this lobe erect to at right-angles to the petiole. Sepals 4.2-8.5 cm long, 
4.2-6.0 cm wide, green outside, outer margins blue especially towards the tip, sometimes 
with small dark flecks; tip obtuse to broad acute. Petals mostly 12-20, 5-8.5 cm long, 
2.5-4 cm wide, lanceolate, white below, grading into deep blue; obvious gap between 
petals and stamens; tip acute. Stamens yellow, c. 150-300; filaments membranous, 
<10-22 mm long on larger stamens; anthers to 7-16 mm long. Ovary with vestigial 
or obsolete sterile lobes; carpels 12-25. Fruit globose, (2.5-)4-7 cm diam.; seeds large, 
ovoid, to 2.6-5(-6) mm long, 2-3 mm wide, with hairs to c. 0.1 mm long, the hairs in 
well-defined anastomosing rows. 

Selection of specimens examined: Queensland: North Kennedy: Oakey Lake ‘Toomba’, Jacobs 
9641 & Hellquist, 11 Jun 2007 (NSW833694, 833695, 835322 & 835323; BRI; NASC); Toomba 
Spring Creek ‘Toomba’, Jacobs 9646 & Hellquist, 11 Jun 2007 (NSW833751, 833752 & 835324; 
NASC). 
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The subspecies is named after Ernest and Robyn Bassingthwaighte’s property, ‘Toomba’, 
in appreciation of their friendship and assistance provided over the years. 

Nytnphaea jacobsii X N. violacea 

Annual or perennial with a globose rhizome. Blade elliptic to suborbicular, to 37 cm long, 
to 31 cm wide; margins sinuate with small teeth to c. 1 mm long erratically developed, 
lacking spines; stipules short, the apical lobe free, c. 30-50% the length, acute, erect. 
Flowers to 30 cm above the water, day-flowering. Sepals to 10 cm long, 4.5 cm wide, 
green outside, outer margins blue especially towards the tip with some streaking; lip 
acute to obtuse. Petals mostly 18-22, to 11 cm long, 5.5 cm wide, spathulate, white 
below, grading into light blue; no gap between petals and stamens; tip acute to obtuse. 
Stamens yellow, c. 400-500; filaments membranous, to c. 3 cm long on larger stamens; 
anthers to c. 1.5 cm long; appendage white, much reduced and only visible on outer 
stamens. Ovary with vestigial or obsolete sterile lobes; carpels 18-22. Fruit globose, 
c. 2-5 cm diam.; seeds elongated, c. 2 mm long, 1.5 mm wide, shortly hairy with hairs 
to c. 3 pm long, the hairs in more or less irregular rows; seed set very low. 

Selection of specimens examined: Queensland: North Kennedy: Lake Powlathanga, W of 
Charters Towers, Jacobs 9652, 9653 & Hellquist, 12 Jun 2007 (NSW835330 & 835332; NASC). 

Specimens from north of the Great Basalt Wall that we originally considered as 
potentially belonging to this complex we are now happy identifying as N. macrdSperma 
and N. carpentariae. Clearly this is a zone where many species of subgenus Anecphya 
grow, and the presence of intergrades is not surprising. 

Key to native and naturalised species of Nymphaea in Australia 

1 Petals yellow; horizontal stolons and vertical rhizomes both present. *N. tnexicatta' 

1* Petals white, blue, mauve or pink; stolons absent; rhizomes either horizontal, or vertical 
and more or less tuberous.2 

2 Rhizomes horizontal or suberect, elongated and vigorous; flowers more or less floating on 

the water surface. *N. alba, *N. odorata and hybrids 

2* Rhizomes tuberous, erect; flowers emerging distinctly above the water surface. 3 

3 Petals grading into stamens. 4 

3* Distinct gap present between petals and sepals. 12 

4 Filaments tough and thickened, always flattened; leaf blade margin dentate the 

undersurface usually pubescent; flowers opening in the evening and remaining open to 
mid-day; widespread from northern Queensland and Northern Territory to SE Asia and 
India. N. pubescens 

4* Filaments membranous and either cylindrical, or all flattened, or only some outer filaments 
flattened; leaf blade margin sinuate, the undersurface always glabrous; flowers opening 
during the morning and closing during the later afternoon. ^ 


I he plant introduced in Australia may be a hybrid involving this species, rather than pure 
N. mexicana, as in other places where this taxon is said to be introduced 
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5 Apical anther appendage present, 0.5-10 mm long; anthers to 25.5 mm long; stamens the 

same colour as the petals toward apex; coastal from central Queensland south to central 
New South Wales. M caenilea 2 

5* Apical anther appendage absent or <0.5 mm long, anthers to 13 mm long; stamens yellow 
or cream-colored; widespread from northern New South Wales north and throughout the 
Australian tropics. 6 

6 Flowers blue, mauve, pink, or blue-mauve-tipped, white below. 7 

6* Flowers white or white with a very faint blue tinge. 9 

7 Seeds hairy, 2.1-2.5 mm long; petals blue or mauve-tipped, white toward base; restricted to 

W. Kimberley, Western Australia. N.lukei 

7* Seeds glabrous, 1.25-2.2 mm long; petals blue, mauve, or pink; widespread throughout 
tropical Australia . N. violacea 

8 Ovary tips yellow; common throughout the Australian tropics. 9 

8* Ovary tips red or reddish-maroon; restricted to Normanton area and central Cape York, 
Queensland. 11 

9 Stamens 50-100; filament length 3-9 mm; sepal width 6-8 mm; plants of far northern 

regions of Northern Territory and Western Australia; plants occur around margins of 
water-bodies during wet season . N. hastifolia 

9* Stamens 100-300; filament length 4-25 mm; sepal width 6-28 mm; found throughout 
Australian tropics; plants mostly of permanent waters. 10 

10 Plants usually retaining submerged juvenile leaves; flowers with slight fragrance; lower 

leaf surface deep purple-red; plants in vicinity of )ardine River, northern Cape York, 
Queensland. N. elleniae 

10* Plants lacking juvenile submerged leaves; flowers strongly fragrant; lower leaf surface 
green to green and light red; plants widely distributed throughout tropical Australia 
. N. violacea 

11 Stamens cream-colored; tip of ovary bright red; petals white; sepal width 0.4—1.9 cm; 

stipules to 1 cm long; seeds with longitudinal ridges and these often with proliferations; 
plants restricted to area around Normanton, Queensland; in shallow waters during wet 
season .N. alexii 

11* Stamens yellow; tip of ovary reddish-maroon; petals white (rarely faint blue); sepal width 
2.3-2.6 cm; stipules 1-6 cm long; seeds lacking longitudinal ridges or proliferations; plants 
restricted to central Cape York, north of Coen, Queensland; in mainly permanent waters. 
. N. noelae 


12 Filaments coarse, flattened; leaf blade margin sinuate; mature seed 0-1.5 mm long; petals 
usually 6-10, stamens 15-25; widespread from Cape York, Queensland, and the Top End, 
Northern Territory, to SE Asia and India. N. nouchali 

12* Filaments membraneous, slightly flattened to cylindrical; leaf blade margin dentate, rarely 
entire to sinuate; mature seed greater than 2.5 mm long; petals usually more than 10; 
stamens 50-400. 13 


The introduced plant in eastern Australia is not typical of N. caerulea, described from 
Egypt, but better fits what has traditionally been treated as N. capensis. Further work on the 
interpretation of types is required. 
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13 Seeds glabrous, sparsely produced, 2-2.6 mm long, to 1.5 mm wide, elongate; leaf margin 
almost entire to sinuate; plants of north-central Queensland near Charters Towers. 

. N. vaporalis 

13*Seeds commonly produced, with hairs, 1.2-6.4 mm long, 0.3-6 mm wide, ovoid, ellipsoid, 


globose, or subglobose; leaf margin dentate. 14 

14 Upper leaf surface with distinct dimples; sepals and outer petals blue, mauve, or pink 
coloured, inner petals white... 15 


14*Upper leaf surface not dimpled; petals uniformly coloured or only lighter in the centre. 16 

15 Seeds oblong (to ovate); leaf margin teeth <1-2 mm; flowers with petals of various 

colours; sepals and first row of petals blue or white transitioning to pink, dark pink, 
and eventually red; uncommon, mainly in and near Lakcfield National Park, Cape York, 
Queensland. N, atrans 

15*Seeds ovate (-to oblong); leaf margin teeth 1-4.5 mm; flowers with sepals usually green 
and/or blue and outer whorl of petals blue, mauve, or pink, occasionally with dark pink 
bases, usually stable colour; common in NE Queensland. N. immutabilis 

16 Sepals 9-18.5 cm long; petals 9.5-14.5 cm long; fruit not developing; plants of south- 

central Kimberley, Western Australia. N. kimberleyensis 

16* Sepals 2.5-8.5 cm long; petals 1.5-9 cm long; fruit developing; plants widespread. 17 

17 Seeds 1-3 mm long, mostly globose to slightly subglobose, petals mostly white, also blue, 

pink, and mauve. 18 

17*Seeds 2.6-6.4 mm long, ovoid to subglobose; petals mostly blue, rarely white, or pink... 19 

18 Teeth on leaf margins 2-4 mm long; stipules 1-3 cm long; seeds globose with ± continuous 
rows of short hairs; petals not fading with age; plants predominantly of Lake Eyre drainage. 

. N.georginae 

18* Teeth on leaf margins to 1.5 mm long; stipules 1-8 cm long; seeds globose or subglobose 
with often interrupted rows of short hairs; non-white petals fading with age; plants mainly 
of the Gulf of Carpentaria drainage. N. curpetitariae 

19 Sepals heavily-streaked, rarely flecked; seeds subglobose; flowers usually small, erect, 

occasionally floating, diameter 4—9 mm, with sepals 2.3—4.5(-6) cm long. Northern 
Queensland, Northern Territory and adjacent parts of New Guinea. N. ttiacrosperma 

19*Sepals un-fleckcd to flecked; seeds ovoid; flowers larger, erect, diameter 8-30 cm, sepals 
mostly 4—10 cm long. 20 

20 Petal tips blunt: fruit 3-5 cm wide at widest point; stipules 1—1.5 cm; petals fading with 

age; plants of eastern Queensland, south to NE. New South Wales. N. gigantea 

20* Petal tips acute to broadly acute; fruit (2.5—)4—9 cm diam. at widest point; stipules 

1 —7(—20) cm; petals not fading with age; plants of north-central Queensland near Charters 
Towers. N. jacobsii 
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Abstract 

Although more than 80 hybrids are documented for Potamogeton in the Northern Hemisphere, 
the hybrid diversity in the Southern Hemisphere is largely unknown. A taxonomically 
uncertain Potamogeton plant discovered in New South Wales, Australia, was subjected to 
detailed morphological investigation and molecular analyses to discover its exact identity. 
Both approaches resulted in the identification of the Potamogeton specimen as P. crispus x 
P. ochreatus, which is a previously unrecorded hybrid and is here described as Potamogeton 
X jacobsii nothosp. nova. Although P. crispus is known to hybridise with many other species, 
P. xjacobsii is the first known hybrid involving P. ochreatus. 


Introduction 

The occurrence of hybridisation in pondweeds (Potamogeton and Stuckenia, 
Potamogetonaceae) has been known for more than a century (see the reviews in Wiegleb 
et al. 2008 and Kaplan et al. 2009). Besides traditional morphological comparisons, 
stem anatomy (e.g., Raunkiacr 1896, 1903; Fischer 1904, 1905, 1907; Hagstrom 1916; 
Ogden 1943; Symoens et al. 1979; Wiegleb 1990a, 1990b; Kaplan 2001, 2005a, 2005b; 
Kaplan 8c Symoens 2004, 2005; Zalewska-Gatosz et al. 2010), isozyme electrophoresis 
(e.g., Hollingsworth et al. 1995, 1996; Preston et al. 1998; Fant et al. 2001a, 2001b; lida 
8c Kadono 2002; Kaplan et al. 2002; Fant 8c Preston 2004; Kaplan 8c Wolff 2004; Kaplan 
2007) and DNA-based techniques (King et al. 2001; Fant et al. 2003; Kaplan 8c Fehrer 
2004, 2006, 2007, 2009; Ito et al. 2007; Wang et al. 2007; Du et al. 2009; Kaplan et al. 
2009; Zalewska-Gatosz et al. 2009, 2010) have all contributed to our understanding of 
diversity, morphological variation and distribution in Potamogetonaceae hybrids. 
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Table 1. Samples used in the molecular analyses. 


Taxon 

Ref. no. 

Origin and collection records 

ITS GenBank 

no. 

rp/20-5'-rps12 
GenBank no. 

P. crispus 

1463 

Czech Republic, Bohemia, Bohuslavice, coll. 

Z. Kaplan 03/121 (PRA) 

GU814242 

GU814253 


1464 

Czech Republic, Bohemia, Velka Jesenice, coll. 

Z Kaplan 03/122 (PRA) 

GU814243 

GU814254 


1472 

Germany, Bavaria, Ebing, coll. L. Meierott, cult. 

Z. Kaplan 1472 (PRA) 

AY529523 

GU814255 


1473 

Czech Republic, Bohemia, Podcbrady, coll. 

Z Kaplan 03/142 (PRA) 

AY529524 

GU814256 


2022 

India, Jammu and Kashmir State, Manasbal Lake, 
coll. A. H. Ganie, cult. Z. Kaplan 2022 (PRA) 

GU814244 

GU814257 


2215 

Australia, West Australia, Joondalup Lake, coll. 

M. Moody WP271 (PERTH) 

GU814245 

HM852142 

P. xjacobsii 

2034 

Australia, New South Wales, Narellan, coll. 

C. B. Hellquist 17201 8 G. Sainty (PRA) 

GU814246- 
GU814249 

GU814258 

P. ochreatus 

1071 

New Zealand, North Island, Lake MacLaren, coll. 
D. Hofstra, cult. Z. Kaplan 1071 (PRA) 

GU814250 

GU814259 


1072 

New Zealand, North Island, Lake Rotoaira, coll. 

D. Hofstra, cult. Z. Kaplan 1072 (PRA) 

GU814251 

GU814260 


2214 

Australia, West Australia, Gwellup Lake, coll. 

M. Moody WP270 (PERTH) 

GU814252 

HM852141 


Table 2. Comparison of the most important diagnostic characters of Potamogeton 
crispus, P. ochreatus and their hybrid, P. xjacobsii. 


Character 

P. crispus 

P. xjacobsii 

P. ochreatus 

Shape of leaves 

linear-oblong 

linear to linear-oblong 

linear 

Length of leaves (mm) 

25-95 

28-70 

35-90 

Width of leaves (mm) 

(4—)6— 12 

4-9 

1.7-5.2 

Length:width ratio of 
leaves 

5—9(—13) 

6-14 

13-28 

Shape of leaf apex 

acute or subobtuse to 
rounded 

rounded to truncate 
or slightly retuse, not 
mucronate 

obtuse or rounded to 
truncate, often also 
shortly mucronate at the 
top 

Shape of leaf margin 

serrulate and often 
strongly undulate in 
adult plants 

entire (or rarely only very 
minutely denticulate) and 
plane 

entire and plane 

Presence and number of 
sclerenchymatous strands 
in leaves in addition to 
vascular veins 

always absent 

0-12, present only 
in some leaves, very 
indistinct 

(4-) 10-34, always 
present, apparent under 
the microscope 

Shape of stem in cross- 
section 

compressed and 
shallowly grooved 

slightly compressed and 
shallowly grooved 

terete 
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Although much attention has been paid to the identification of Potamogetonaceae 
hybrids in taxonomic research, our knowledge is confined to relatively few regions. 
In their recent worldwide revision of Potamogeton including Stuckenia, Wiegleb and 
Kaplan (1998) listed 50 confirmed hybrids, all from the Northern Hemisphere. The 
number of identified Potamogeton hybrids has increased to more than 80 (Z. Kaplan, 
unpubl.). A higher frequency and diversity of pondweed hybrids is associated with 
regions with specific ecological characteristics associated with postglacial dynamics 
(Kaplan 2007, Kaplan et al. 2009). These centres of hybridisation in Potamogeton and 
Stuckenia are mainly in the northern half of Europe, Japan, and eastern North America 
(Hagstrom 1916, Ogden 1943, Preston 1995, Wiegleb & Kaplan 1998, Kaplan et al. 
2009). Potamogeton hybrids have been, however, occasionally recorded from other 
regions and it can be assumed that they may also occur in areas where no targeted 
searches have been performed yet. 

In this paper, we focus on the identity of a recently discovered Potamogeton plant in 
New South Wales ( Hellquist 17201 & Sainty), which showed morphology that was not 
consistent with the normal range of variation of Australian species, and did not fit 
the characteristics of any recognised taxon worldwide (Wiegleb & Kaplan 1998). We 
employed a detailed investigation of morphology combined with molecular analyses 
to reveal the exact origins and identity of the Potamogeton plant. 


Material and Methods 


Plant material 

The new plant, hereafter referred to as P. xjacobsii, was collected during fieldwork in New 
South Wales, Australia. The site was a water-way running through a housing complex. 
The plant was growing in shallow water, not associated with any other Potamogeton 
taxon. Additional material used for comparison came from Australia, Europe, Asia and 
North America (P. crispus L.) and Australia and New Zealand (P. ochreatns Raoul). 
Plants of both P. crispus and P. ochreatns were cultivated in the Experimental Garden at 
the Institute of Botany, Pruhonice, Czech Republic, and tested for phenotypic plasticity 
in order to better understand the origin of morphological variation (see also Kaplan 
2002). In addition, herbarium specimens from around the world were investigated (for 
the complete list of herbaria see Kaplan 2008 and Kaplan 2010). Specimens included 
in the molecular analyses are summarised in Table 1. Most voucher specimens are held 
in the herbarium of the Institute of Botany, Pruhonice (PRA) but vouchers for two 
samples collected by Michael Moody are lodged in the Western Australian Herbarium, 
Perth (PERTH). 

Morphological evaluation 

Morphological observations were made on recently collected herbarium material. 
Details of leaf morphology were studied using a stereomicroscope at a magnification 
of 20-75X. Abundant morphological data compiled for our previous studies were also 
considered in order to cover the morphological variation of the respective species 
as completely as possible. Only a brief description, mainly consisting of diagnostic 
characters, is given here for P. xjacobsii. The most important diagnostic characters are 
shown in microphotographs and summarised in Table 2 to facilitate comparison. Rare 
extremes were excluded from the quantitative data. 
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Identification of hybrids 

Potamogeton and Stuckenia hybrids are generally intermediate between the parental 
species (e.g., Hagstrom 1916, Preston 1995, Wiegleb 8c Kaplan 1998). Although character 
expression in hybrids is generally unpredictable (Rieseberg 8c Ellstrand 1993, Kaplan 
et al. 2009), several previous molecular studies (Hollingsworth et al. 1995; Kaplan et al. 
2002; Fant 8c Preston 2004; Kaplan 8c Fehrer 2004,2006; Kaplan 8c Wolff 2004; Kaplan 
2007) have demonstrated that for most Potamogeton and Stuckenia hybrids, either the 
parental species themselves or at least their respective species group can be reliably 
identified morphologically, as long as adequate expert inspection of a large set of key 
features is adopted. However, molecular proof of identification of Potamogeton hybrids 
is always advisable (Kaplan 8c Fehrer 2007, 2009; Kaplan et al. 2009), particularly if a 
previously unknown hybrid combination is suspected. 

Our previous studies have revealed a very low level of intra-individual polymorphism 
in the multicopy nuclear ribosomal ITS region for Potamogeton species as well as 
relatively little intraspecific variation while hybrids, the majority of which are sterile, 
maintained the ribotypes of their respective parents (Kaplan 8c Fehrer 2007, 2009; 
Kaplan et al. 2009). These features provide an opportunity for the use of ITS sequencing 
as a very helpful tool in the detection of hybrids, which show additive patterns of 
their parents, i.e., superimposed peaks and insertions/deletions (indels) at diagnostic 
positions (Kaplan 8c Fehrer 2007, Kaplan et al. 2009). We therefore performed direct 
ITS sequencing, complemented by cloning of the hybrid accession, in order to identify 
both parents. The maternal parent of the hybrid was revealed by sequencing of the 
rp/20-5’rpsl2 intergenic spacer region from chloroplast DNA. 

Molecular analyses 

DNA from the majority of samples was isolated from CTAB-preserved leaves (Storchova 
et al. 2000) and used for both ITS and rp/20-5’rpsl2 sequencing. Isolated DNA of 
samples 2214 and 2215 was obtained from Michael Moody (Crawley, Australia). PCR 
amplifications and direct sequencing of the ITS and rp/20-5’rpsT2 regions were done as 
described in Kaplan 8c Fehrer (2004,2006). To investigate the possible hybrid origins of 



Fig. 1. Shape of leaf margin in Potamogeton. a, P. crispus (Kaplan 08-384 ); b, P. crispus 
{Kaplan 08-646 ); c, P. xjacobsii (Hellquist 17201 & Sainty)-, d, P. ochreatus (Kaplan 1071). 
Scale bar identical for all figures: 1 mm. 
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P. xjacobsii, the ITS region was also cloned using a pooled sample consisting of three 
separate PCR reactions to ensure representative amplification of the parental copies 
(Fehrer et al. 2009). Four clones were sequenced with the forward PCR primer and 
compared with each other and with direct sequencing to identify Taq DNA polymerase 
errors. GenBank accession numbers of all sequences are included in Table 1. 


Results 


Morphological evaluation 

The new Potamogeton plant (P. xjacobsii) resembles P. crispus in its general appearance, 
branching pattern and basic superficial features such as shape and colour of leaves, 
however, it differs in other characters of the leaves. Leaves of P. crispus have several 
characteristic features that are unlikely to be confused with those of any other species. 
In particular, they are serrulate (Figs la & lb), with teeth that are visible to the 
naked eye, and often strongly undulate along the margins. In contrast, the leaves of 
P. xjacobsii are basically entire (Fig. lc) and plane, as in P. ochreatus (Fig. Id). The 
venation of P. crispus leaves usually consists of two veins on each side of the midrib, 



Fig. 2. Arrangement of vascular veins in Potamogeton leaves, a, P. crispus (Kaplan 07-41); 
b, P. xjacobsii (Hellquist 17201 & Sainty). Scale bar identical for both figures: 3 mm. 



Fig. 3. Occurrence of sclerenchymatous strands in leaves of Potamogeton. a, P. xjacobsii (Hellquist 
17201 & Sainty); b & c, P. ochreatus (Kaplan 1071). Scale bar identical for all figures: 1 mm. 
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with the outer pair of veins being faint and running close along the margins and the 
inner pair being more prominent and running longitudinally at approximately Vi-Vs 
of the distance between the midrib and the margins (Fig. 2a). This venation pattern 
can be observed also in P. xjacobsii (Fig. 2b), but some leaves contain also faint and 
irregular sclerenchymatous strands in addition to the vascular veins (Fig. 3a), which is 
clearly a character inherited from P. ochreatus, the only Australian species showing this 
structure (Fig. 3b). The leaves of P. xjacobsii are also similar to those of P. crispus in size, 
resembling narrow-leaved forms of this species (Figs 4a 8c 4b), but in the hybrid they 
are often truncate or slightly retuse at the apex (Figs 4c 8c 4d), and thus more similar to 
that of P. ochreatus (Figs 4e 8c 4f). Hybrids of P. crispus often differ from their parents 
in the shape of the stem in cross-section (e.g., Hagstrom 1916, Preston 1995, Kaplan 8c 
Fehrer 2004, Alix 8c Scribailo 2006). The stem of P crispus is compressed and shallowly 
grooved whereas that of P. ochreatus is terete. As far as it can be observed in the pressed 
specimen, the stem of the hybrid is also compressed, at least in some sections, but 



Fig. 4. Shape of leaf apex: a, P. crispus (Kaplan 08-646 ), b, P. crispus (Kaplan 08-384 ), 
c & d, P. xjacobsii (Hellquist 17201 & Sainty), e & f, P. ochreatus (Kaplan 1071 ). Scale bar identical 
for all figures: 2 mm. 
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clearly less markedly than is usual in P. crispus. These morphological observations 
clearly indicated that P. xjacobsii shows a combination of characters of P. crispus and 
P. ochreatus, most of them being intermediate between these species. The most 
important diagnostic characters of all three taxa are summarised in Table 2. 

Both P. crispus and P. ochreatus arc widespread throughout Australia but more common 
in temperate areas. All other species or species groups of Potamogeton documented from 
Australia can be easily excluded on morphological grounds as none have the characters 
that could explain the morphology shown by the putative hybrid. This is particularly 
true for all broad-leaved and mostly heterophyllous species with elliptical to ovate 
leaves, which differ by a suite of characters. These species constitute about two thirds 
of Australian Potamogeton species diversity. The only remaining species with linear 
submerged leaves, Potamogeton octandrus Poir., is also unlikely to be involved in the 
parentage of the investigated hybrid, particularly because the very narrow submerged 
leaves of the latter species lack the sclercnchymatous strands observed in R xjacobsii. 

Molecular evaluation 

Direct I TS sequencing of P. xjacobsii was mostly unreadable due to a large number 
of superimposed peaks and indel mutations, which is consistent with a hybrid origin. 
However, the readable 5’-end of the sequence contained 13 substitutions and one 
diagnostic indel suggesting a contribution of both P. crispus and P. ochreatus, when 
compared with our database of Potamogeton ITS sequences (Fehrer & Kaplan, unpubl.). 
Sequencing of four clones of P. Xjacobsii revealed that one (clone 11) was identical to P. 
ochreatus and three (clones 3,6 & 15) were identical or nearly identical to Australian (and 
Indian) P. crispus, which slightly differed from four European accessions of P. crispus 
(Table 3). The ITS sequences of P. crispus and P. ochreatus (730 bp in alignment) 
differ by 32 nucleotide substitutions, one 2 bp- and four 1 bp-indels. Molecular data 
comparisons with other species also allowed us to exclude other putative parents: P 
crispus is not only morphologically, but also genetically very distinct from all other 
Potamogeton species according to molecular phylogenies based on chloroplast or 
nuclear markers (Iida ct al. 2004, I.indqvist et al. 2006, Zhang et al. 2008, Fehrer & 
Kaplan, unpubl.). The species most closely related to P crispus are P. maackianus 
A.Benn. and P. robbinsii Oakes (Lindqvist et al. 2006), which occur in eastern Asia 
and North America, respectively (Wieglcb 8< Kaplan 1998) but not in the Southern 
Hemisphere. Their ITS sequences differ from P. crispus by more than 20 nucleotide 
substitutions and four indcls (Fehrer & Kaplan, unpubl.). Both species can also be 
excluded on the basis of their morphology. Potamogeton oxyphyllus Miq. is genetically 
most similar to P. ochreatus according to our ITS sequences (Fehrer & Kaplan, unpubl.) 
but no phylogeny including both species has been published to date. Both species differ 
by four nucleotide substitutions and one indel. Potamogeton oxyphyllus can also be 
excluded on morphological grounds and because it occurs in eastern and southeastern 
Asia, but not in Australia (Wiegleb 8< Kaplan 1998). 

The chloroplast rpl20-5'rps\2 sequences of P. crispus and P. ochreatus (totalling 794 bp 
in alignment), did not show any intraspecific variation and differed by two nucleotide 
substitutions and one diagnostic 11 bp-indel (Table 4). While the overall variation is 
expectedly lower than that of the nuclear ITS region, these differences arc sufficient to 
clearly distinguish between P. crispus and P. ochreatus; the Potamogeton hybrid sample 
had the P. crispus haplotype. 


Table 3. Nucleotide sequence variation and ITS ribotypes of Potamogeton crispus, P. ochreatus and their hybrid, P. xjacobsii. 
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Table 4. Nucleotide sequence variation and haplotypes of Potamogeton crispus, 
P. ochreatus and their hybrid, P. xjacobsii in the rp/20-5'rps12 intergenic spacer 
region. 


Taxon 

Position in alignment 

(no. of sequences) 

67 

249-259 

P. crispus (6) 

T 

- 

P. xjacobsii (1) 

T 

- 

P. ochreatus (3) 

G 

AAAAAATAAAT 


525 

C 

C 

T 


Discussion 

The detailed morphological and molecular analyses led to the conclusion that 
P. xjacobsii is a hybrid between P. crispus and P. ochreatus with the former as the maternal 
parent. Because our previous studies (Kaplan 2002, Kaplan & Fehrer 2004, Kaplan et al. 
2009) demonstrated that some extreme phenotypes ol true species may mimic hybrids, 
and vice versa, the definitive and conclusive evidence came from molecular analyses. 
Because this hybrid combination has never been recorded before (see e.g., Graebner 
1907, Hagstrom 1916, Wiegleb 8c Kaplan 1998), it is here formally described and a new 
name is provided: 

Potamogeton xjacobsii Z.Kaplan, Fehrer 8c Hellc]., nothosp. nova 
(= P. crispus L. X P. ochreatus Raoul) 

Diagnosis. Flanta hybrida inter parentes intermedia; primo aspectu P. crispum revocans 
sed differl foliis angustioribus, margine integerrimis, apice truncatis vel retusis, et 
lineis sclerenchymatosis nerviformibus inter nervos foliorum primarios interjectis; a 
P. ochreato foliis latioribus, ordinatione nervis primariis diversa, lineis sclerenchymatosis 
multo paucioribus praecipue distinguitur. 

Type. Australia: New South Wales: South Coast: Mt. Annan Cascades, Narellan, 
along shallow edge of lower pond in a series of man-made ponds along stream in 
housing development, 34°03.125’S, 150°45.237'E, elevation 10 m, 17 February 2009, 
C.B. Hellquist 17201 & G. Sainty (hololype: PRA). 

Description. Rhizome slender, creeping. Stem simple to sparingly branched, slender, 
slightly compressed and shallowly grooved. All leaves submerged, sessile, linear to 
linear-oblong, 28—70 mm long, 4—9 mm wide, 6—14 times as long as wide, bright green 
to dark green; base broadly cuneale; margin entire (rarely very minutely denticulate); 
apex rounded to truncate or slightly retuse (never mucronatc); venation of 5 
longitudinal vascular veins and either lacking sclerenchymatous strands or with up to 
12 additional sclerenchymatous strands (only apparent in some leaves), with a narrow 
band of lacunae bordering midrib. Stipules axillary, convolute, short, decaying early. 
Generative organs not available. 

Etymology. Named for the late Dr. Surrey W. L. Jacobs, an expert in Australian aquatic 
plants. 
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Final Note 

A combination of morphological and molecular approaches has recently led to several 
new discoveries concerning the diversity of Potamogeton hybrids. Character additivity 
of the ITS region has contributed to the discovery and/or exact identification of several 
entirely new hybrid combinations (Kaplan et al. 2009, Zalewska-Gatosz et al. 2010), 
detection of the occurrence of a long-overlooked hybrid (Zalewska-Galosz et al. 2009) 
and even confirmed the existence of a triple hybrid in Potamogeton (Kaplan & Fehrer 
2007). It can be expected that more hybrids and other unrecorded components of 
Potamogeton and Stuckenia diversity will be discovered in the Southern Hemisphere. 
Australian field botanists interested in cooperation are encouraged to contact us. We 
offer our help in both morphological and molecular checking of the identity of unclear 
Potamogeton samples. 
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Abstract 

I lie vegetation-based Hawkesbury-Nepean Wetland Assessment (HNWA) Index developed 
by Sainty and Jacobs (1997), was evaluated using three years of field survey data. Twenty-one 
wetlands that varied in geomorphology, dominant vegetation, hydrology, substrate and degree 
of human impact were assessed. Data from these wetlands were used to investigate the influence 
that taxonomic resolution (plant identification to family, genus or to lower ranks), species 
inclusion (all species recorded or only aquatic species recorded), spatial and temporal variability, 
cover class and scaling had on overall performance of the index. A modified water plant index was 
developed that is simpler and has a wider geographic application than other options available in 
Australian for on-ground wetland condition assessment using aquatic plants. Application of real 
data to the index highlighted the cumulative effects of error on summarising data into a single 
index and compounding effects to multimetric situations. 


Introduction 

Aquatic plants can be used to monitor the condition of wetlands because they are key 
to trophic level dynamics within any wetland ecosystem. Indices or metrics of wetland 
condition based on plants, however, have had limited use compared to indices using 
macroinverlebratcs. The most widely applied techniques for assessing the health or 
condition of freshwater ecosystems typically use: (1) a single index; (2) multiple indices; 
or (3) predictive modelling algorithms. These three techniques have been developed 
and used extensively using macroinvertebrate diversity and abundance. Wetland 
assessment based on aquatic plants has been used less frequently: mostly limited to 
single and multiple indices, with some recent application to predictive modelling 
(Smith et al. 2009). 
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Methods that use vegetation monitoring with a single metric or variable (such as 
abundance, species richness or diversity), or a single index (calculated using more than 
one metric), can be grouped into three categories: (1) community-based metrics, (2) 
metrics based on plant functional groups, and (3) species-specific metrics (USA ERA 
2002). A community-based index can measure how the plant community responds to, 
for example, hydrological change, and impact can be detected by the changes in the 
ratio of native and exotic species. Changes to natural hydrological regimes (changes 
to water quality, water level and hydroperiod) have well documented impacts on plant 
communities (Reid & Brookes 2000). Community-based metrics, such as species 
richness, can measure the response of the plant community to a disturbance: for 
example, the absence of species that are sensitive to the disturbance; the dominance 
of invasive and exotic species; or dominance of one species or one structural type will 
suggest a disturbance. 

In the USA, a database has been established that lists the sensitivities of plant species 
and functional groups to different stressors (Adamus & Gowyaw 2000). However, 
even this database only summarises data from 16% of water plant species (USA EPA 
2002).The main difficulty facing the application of such an approach in Australia is 
the limited knowledge of water plant species responses to specific disturbances or 
impacts. While there is some recent literature on Australian water plant species and 
their response to specific disturbances (Blanch ct al. 1999, Rea & Storrs 1999, Blanch 
et al. 2000, Casanova & Brock 2000, Rababah & Ashbolt 2000, Robertson & Rowling 
2000, Morris & Ganf 2001, Downes et al. 2002, Brock 2003, Reid & Quinn 2004, Brock 
et al. 2005, Doupe et al. 2010, Mackay et al. 2010), further information remains in 
unpublished reports. 

There arc a number of indices that incorporate wetland vegetation (Table 1). The 
Hawkesbury-Nepean Wetland Assessment (HNWA) Index (Sainty & Jacobs 1997) 
is an example of a local community-based index developed in Australia. This index 
relies on the assumption that impacted wetlands will contain more exotic species than 
less impacted wetlands, an assumption that was tested and found to be robust in the 
Hawkesbury-Nepean catchment (Sainty & Jacobs 1997). 

There are two potential sources of error in the calculation of an index: the collection 
of data and the analysis of the data. This paper aims to provide a sensitivity analysis 
of an established protocol (Hawkesbury-Nepean Wetland Assessment Index, Sainty & 
Jacobs 1997) for the assessment of wetland condition across a range of wetland types 
and qualities over time. 


Methods 

Data were collected to test the sensitivity or vulnerability of a single index to data 
collection methods and to analytical techniques. These variables included sampling 
effort (number and size of quadrats), inclusion of dryland species and taxonomic 
resolution. Furthermore, a single index was used to test the importance of sampling 
design, pilot testing, as well as understanding the effects of errors when data are 
summarised into a single number/melric or index. By understanding the effects of 
errors on a single index, suppositions can be made to the orders of magnitude of the 
effects of errors for multiple metrics. 
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Table 1. List of indices that use vegetation, the metrics used within each index, and 
references that use those indices. 


Indices 

Metrics used 

Study location 

Reference 


Species richness and water 
quality indices 

Tasmania, Australia 

Kirkpatrick and Harwood 
1983 


Dominance or cover class 

New South Wales, 
Australia 

Gibson and Hurst 2005 


Biomass 

New South Wales, 
Australia 

Roberts et al. 2001 

Hawkesbury-Nepean 
Wetland Assessment 
(HNWA) Index 

Number of exotic, native and 
noxious species 

New South Wales, 
Australia 

Sainty and Jacobs 1997 

Index of Wetland 
Condition (IWC) 

Metrics for soil, fringing and 
aquatic vegetation and water 
quality 

New South Wales, 
Australia 

Spencer et al. 1998 

The Sum Water Regime 
Index 

Depth and duration of 
inundation (an index of the 
hydrological past that plants 
had experienced) 

South Australia 

Rea and Ganf 1994 

Index of Stream 
Condition (ISC) 


Victoria, Australia 

Ladson et al. 1999 

Floristic Quality 
Assessment Index 
(FQAI) 

Coefficient of conservatism, 
species richness and 
composition of native and 
exotic species 

Chicago USA 

Ohio USA 

Wilhelm and Ladd 1988 
Andreas and Lichvar 1995, 
Lopez and Fennessy 2002, 
Engle and Johansen 2002, 



Michigan USA 

Herman et al. 1996 



Illinois USA 

Matthews 2003 



Florida USA 

Cohen et al. 2004 


Minnesota Index of 
Vegetative Integrity 
(IVI) 

Vascular plants; non-vascular 
plants; Carex cover; grass-like 
species; monocarpic species; 
aquatic guilds; sensitive taxa; 
tolerant taxa; dominance; 
persistent litter 

Minnesota USA 

Gernes 2002 

Index for Biotic Integrity 
(IBI) for vascular plants 

Total number of species, 
number of sensitive species, 
number of tolerant species 

USA 

Great Lakes USA 

Gernesand Helgen 1999 
Carlisle and Clements 1999 

Adamus 1996 

Mack 2001 

Albert and Mine 2004 

Index of plant 
community Integrity 
(IPCI) 

Species richness of native 
perennials, % annuals and 
introduced species 

North Dakota USA 

DeKeyser et al. 2003 

Herbaceous or Forested 
Wetland Condition 

Index 

%non-native species, ratio of 
annual to perennial species, 
mean floristic quality score, 

% tolerant taxa, % sensitive 
taxa, % native perennials, % 
wetland taxa 

Florida USA 

Cohen et al. 2005 
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A broad definition of wetlands was used in this study to accommodate different 
types of wetlands in south-eastern Australia. Wetlands were defined as areas of land 
permanently or intermittently inundated with freshwater, or areas characterised by 
vegetation dependent on standing water for their maintenance. 

A range of New South Wales wetlands were sampled (latitudes 34°37.93'-32°50.345'S; 
longitudes 153°15.08'-150°00.95'E) (Table 2). A total of 21 wetlands were sampled in 
autumn (April-May) and spring (August-Octobcr) of 2001—2003 (Table 2). Wetlands 
were selected to encompass a range of geomorphic settings, wetland types, function, 
size and dominant vegetation type (Table 2). These wetlands were categorised into: 
highly impacted (those constructed for water quality improvement or wetlands heavily 
impacted by human interference such as pollution or grazing); moderately impacted 
(wetlands with histories of anthropogenic-impacts but whose general objective, 
at the time of survey, was to provide wildlife habitat); and less impacted (located 
in conservation areas with little or no human disturbance locally or in their upper 
catchments). 

An adaptation of the method of Gibson and Hurst (2005) for sampling aquatic vegetation 
was used for this study. We divided each wetland into compass sectors (north, south, 
east, west), and then each sector into different vegetation zones (emergent, submerged, 
floating or edge). A 100 m transect was placed across the contiguous vegetation zones 
(perpendicular to the water’s edge). Twenty randomly placed 1 nr quadrats were 
positioned along each transect, and the presence/absence and percentage cover of each 
species were recorded for each quadrat. Cover class was categorised as follows: 1, one 
individual; 2, 1-10% cover; 3, 11-30% cover; 4, 31-60% cover; 5, 61-80% cover; 6, 
81-100% cover. 


The Hawkesbury-Nepean Wetland Assessment (HNWA) Index 

The HNWA Index (Sainly 8< Jacobs 1997) scores the number of natives, introduced and 
noxious species (between 0 and 3) recorded at a site, according to estimates that greater 
than 17 native species in the Hawkesbury-Nepean region is considered good condition, 
and then sums the scores for an overall condition score for the site. A score of‘9’ indicates 
a wetland in excellent health with no introduced species present. The relevance of the 
index was increased by using the proportion of native and introduced species rather 
than a static constant (i.e., > 17 is good condition) allowing the index to have a wider 
geographic application (Ling 8< Jacobs 2003, Ling 2010). That is, a score of 3 was allocated 
to a site (or transect or quadrat) if the proportion of natives exceeded 80%, and a score of 
0 if the proportion of natives was less than 30% (Table 3). The scoring for the numbers 
of noxious species was left unchanged from the original protocol (Sainty & Jacobs 1997), 
i.e., if the noxious or major weed species represented more than 11% the score was zero, 
between 1—10% scored 2 and none scored 3 (Table 3). 


Table 3. Scores for the proportion of species richness and cover of native, introduced 
and noxious weeds, modified from Sainty and Jacobs (1997). 


Scores for number of species and cover 


0 

<30% 

81-100% 

> 11 % 


2 3 

61-80% 81-100% 
31-60% <30% 

1 - 10 % 0 % 


% Native 

% Introduced species or minor weeds 
% Noxious species or major weeds 


1 

31-60% 

61-80% 
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A total score for a wetland of l 9’ was interpreted as indicating a wetland in “excellent” 
condition; ‘7’ indicates a wetland with “some hope”;‘5’ indicates a wetland in “marginal” 
condition; ‘4 or less’ indicates a wetland in “poor” condition (Sainty & Jacobs 1997). 
This interpretation presupposes that the higher proportion of native species to exotic 
species indicates a wetland in better condition. This paper examines whether other 
variables challenge this supposition. Other variables tested for their effects on the index 
are data collection methods, and analytical considerations. 

Data collection methods 

Different methods of sampling vegetation will integrate considerations of plot 
location, shape, size and number. In Australia, the most extensive field surveys of 
wetland vegetation are limited to identifying dominant species and cover class of those 
dominants (Australian River Assessment Scheme, Anderson & Raine 1995; Index of 
Stream Condition, Ladson et al. 1999; Index of Wetland Condition, DSE 2005; Pressure- 
Biota-Habitat, Chessman 2002). 

Wetland vegetation surveys use a variety of quadrat sizes to estimate species present and 
cover class. Overseas, 1 nr quadrats are often used for herbaceous plants (DeKeyser et 
al. 2003, U.S E.P.A. 2002, Magee & Kentula 2005), while 10 X 10 m plots are commonly 
used for forested wetlands (Austin & Greig-Smith 1968). Some surveys vary the shape 
of the plot by using 0.5 X 2 m plots for aquatic vegetation and 0.5 X 4 m plots for 
woody species (Auble et al. 2005) or circular plots (Fortney et al. 2003). In Australia, 
submerged aquatic vegetation surveys that test for biomass have used 0.04 m 2 quadrats 
(Roberts et al. 1999, 2001; Royle 8c King 1991; AMBS 2000) while others that measure 
cover class and species richness use 1 m 2 quadrats (Jacobs et al. 1994, Gibson 8c Hurst 
2005). No Australian studies could be found on testing sampling effort of vegetation 
surveys appropriate for Australian rivers or wetlands. The influence of sampling effort 
was tested by collecting data from two different quadrat sizes; 1 m 2 and 0.0625 m 2 
(0.25 x 0.25 m). 


Analytical considerations 

Different analytical considerations are also hypothesized to affect the accuracy and 
precision of an index, including whether one records all species or only aquatic species, 
taxonomic resolution, inclusion of rare species, sampling effort, spatial and temporal 
variability, performance, cover class and scaling of the index. 

While classification of species as strictly aquatic or not is subjective, it has been 
argued that there is a need to identify all species rather than just the obligate aquatic 
species. Dryland species were defined as those tolerant of flooding but not exhibiting 
a dependence on flooding for part of their life cycle. Wetland species were defined as 
those that require some inundation to complete their life cycle (Sainty 8< Jacobs 1981, 
2003; Jacobs 1983, 2005). Data were analysed to evaluate the influence on the index of 
either including all species or only the aquatic species. 

To explore the influence of taxonomic resolution on the index, all taxa were identified 
to species so that comparisons could be made between specific, generic, and familial 
resolution of identification. 



264 


Telopea 13(1-2): 2011 


Ling and Jacobs 


■AQUATICS only DALL species recorded 



HtgWy impacted Mod«f»te(y Imppctod Lees impacted 


Wetland type 


Fig. 1. Average Hawkesbury-Nepean Wetland Assessment (HNWA) Index (mean and SE) (scored 
by proportions) comparing all species recorded and only aquatic species data. 

Code to interpret the HNWA Index (Sainty & Jacobs 1997): <4, poor; 5, marginal; 7, hope; 
9 excellent. 
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Fig. 2. Boxplots for Hawkesbury-Nepean Wetland Assessment (HNWA) Index scores in the 
three different vegetation zones: edge, emergent (EM) and submerged (SUB). One-way ANOVA 
indicates that there is a significant difference between habitats at (X = 0.05. 



























A wetland assessment using aquatic plants 


Telopea 13(1-2): 2011 


265 


lo explore whether the underestimation of native or introduced species changed the 
index, all taxa were identified and categorised as native or exotic. 

Spatial and temporal variation scores were analysed using a three-way nested ANOVA 
with ‘season’ as the first factor (fixed), ‘degree of human impact’ as the second factor 
(random) and ‘sites’ (nested in degree of human impact) as the third factor (NCSS 
statistical package). 

The I1NWA protocol is based on an overall assessment of a wetland and does not 
use quadrats to represent the wetland plants. Therefore, the use of quadrat data is to 
explore the effects of errors using real data rather than subjective estimates (of native 
and introduced species numbers and cover of an entire wetland) as is used in the 
original HNWA protocol. To evaluate the performance or frequency of the score for 
each quadrat within a transect (i.c., how many quadrats within a transect had the same 
score), a score for the cumulative 20 quadrats was calculated for all transects sampled 
in autumn 2001. 

Other metrics were also calculated that could potentially improve the sensitivity of the 
index. 'I hese included: cover class (total cover of native, introduced and noxious weeds 
calculated as a proportion of the total cover) (Table 3); cover class and counts (average 
between the percent cover and the number of species); and scaling of the scores (each 
score was converted to a proportion of the highest score). 

Results 


Data collection methods 

Calculating the scores for the two quadrat sizes, found that the smaller quadrat (0.25 m 
X 0.25 m) underestimated both native and introduced species compared to the 1 m 2 
quadrat (Table 4). 

Over half of the species recorded were categorised as dryland species and results showed 
that for most wetlands, there was little change to the HNWA scores when the ‘dryland’ 
species were excluded (Fig. 1). Only scores for two sites (Lower Portland and Lake 
Nadungamba) indicated worse wetland condition with inclusion of dryland species 
(>7, <7, respectively), a consequence of the majority of dryland species also being 
categorised as introduced. 

Significant differences in the scores were identified between ‘sites’ nested in degree of 
human impact (p<0.0001, Table 5). Other factors were not significant, suggesting that 
variation within and between ‘sites’ is more significant than any overall differences 
between ‘seasons’ or putative ‘degree of human impact’ (Table 5). 

To explore the differences between scores across vegetation zones within a wetland, 
overall wetland scores were compared to scores for each zone (i.c., edge, emergent, 
floating, submerged) (Fig. 3). For most sites, the scores for each vegetation zone did 
not change the final assessment of the wetland. However, when the scores varied over a 
critical interpretation value, such as‘7’, then there is the potential for misinterpretation 
when only one vegetation zone is assessed. For example, at Mianga wetland, the score 
for the edge habitat was considerably lower (6.5) than the emergent zone (8.25) 
(Fig. 3). When each of the transects were analysed separately, the ‘edge’ vegetation zone 
had significantly lower scores than the other vegetation zones (p <0.05, Fig. 2), but this 
was again site dependent. 
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Table 4. Hawkesbury-Nepean Wetland Assessment (HNWA) Index scores for wetland 
sites using a (a) 0.0625 m 2 or (b) 1 m 2 quadrat. 


Wetland 

Site 

Quadrat 

size 

No. 

Introduced 

No. 

Native 

No. 

Noxious 

No. 

species 

Score 

%H-N 

Index 

CYP 

0.0625 

2 

10 

0 

12 

7 

EXCELLENT 


1 

2 

11 

0 

13 

9 

EXCELLENT 

LP 

0.0625 

7 

23 

0 

30 

8 

EXCELLENT 


1 

11 

27 

0 

44 

7 

EXCELLENT 

MIA 

0.0625 

4 

10 

0 

14 

8 

EXCELLENT 


1 

9 

11 

0 

20 

6 

SOME HOPE 

NAD 

0.0625 

6 

12 

0 

18 

7 

SOME HOPE 


1 

7 

13 

0 

25 

7 

SOME HOPE 

PC 

0.0625 

1 

11 

0 

12 

8 

EXCELLENT 


1 

2 

13 

0 

14 

8 

EXCELLENT 

PW 

0.0625 

1 

5 

0 

6 

6 

EXCELLENT 


1 

2 

5 

0 

7 

6 

EXCELLENT 

TH 

0.0625 

1 

6 

0 

6 

6 

EXCELLENT 


1 

1 

7 

0 

7 

7 

EXCELLENT 


**, scores where the larger quadrat results in a change in the assessment. Code to interpret the HNWA 
Index (Sainty and Jacobs 1997): <4, poor; 5, marginal; 7, hope; 9 excellent. 



Moderately impacted wetlands 


Highly impacted 


Fig. 3. Hawkesbury-Nepean Wetland Assessment (HNWA) Index scores for wetlands with 
different vegetation zones or microhabitats: edge, emergent (EM) and submerged (SUB). 

Solid shapes indicate the HNWA score when all zones arc averaged, hollow shapes indicate the 
HNWA scores for the average of each zone calculated separately. Code to interpret the HNWA 
scores (Sainty & Jacobs 1997): <4, poor; 5, marginal; 7, hope; 9 excellent. 
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Analytical considerations 

Scores for the cumulative species for 15 to 20 quadrats were calculated for all transects 
sampled in autumn 2001 (Table 6). Even though all species were not always represented 
in the 15 quadrats, most of the scores calculated from the 15 were the same as the score 
for 20 quadrats. There was only one occasion (Lower Portland wetland) when the score 
was lower for the 15 quadrats (score of 7) than for the 20 quadrats (score of 8). 

Wetlands that are 100% native species (natural wetlands) or 100% introduced, there is no 
dif ference in the scores using either proportion or counts of native or introduced species. 
However, those wetlands with more cover of introduced or noxious species resulted in 
lower scores (more degraded assessment) despite having a higher proportion of native 
species compared to introduced species. Conversely, wetlands with more cover of native 
species had higher scores despite having lower numbers of native species compared to 
introduced species. This relationship between the number of native and introduced 
species was confirmed with a linear regression that the proportion of native species 
was positively related to the percent cover of native species (p = 0.72) with more than 
hall the variation in numbers accounted for by variation in the cover of native species 
(r = 0.5136). There was a similar result for the proportion and the cover of introduced 
species (p = 0.70, r 2 = 0.4938). The index using both cover class and the number of species 
was an average of the two indices based on individual variables (Tig. 4). 

Scaling, or comparing each score with the maximum score over time or location 
or dataset, enables comparisons to be relative rather than to an artificial optimum 
condition. Scaling the scores over each wetland resulted in little effect on the overall 
scoring of the wetlands when averaged across wetland impact since many of the 
wetlands had the maximum score (9) and so scaling had little effect to the overall 
scoring of the wetlands (Fig. 5). 


Discussion 


Data collection methods 

The IINWA Index is based on an overall assessment of a wetland and does not 
necessarily use quadrats to sample wetland plants. The assessment of the HNWA Index 
using field survey data was simply to illustrate the effects of under- or overestimation 
of species richness. The comparison of species numbers estimated from data obtained 
from 1 nr compared to 0.065 nr quadrats demonstrated that species number could 
be underestimated by smaller quadrat sizes. Four possible scenarios were identified: 
underestimation of (a) native species, (b) introduced species, (c) both the native and 
introduced species, and (d) both remain the same. 

Underestimation of native species increases the probability of‘measuring’ an impact 
when there is none, also known as Type I error. Underestimation of introduced species 
also changed the abundance grouping and consequently altered a wetland’s score. For 
example, in the case of the Mianga wetland, the smaller quadrat recorded four (28%) 
introduced species, putting it into the abundance class of <30% exotic species, giving it 
a score of ‘3’. On the other hand, the larger quadrat picked up more introduced species 
(9 species or 45%) thereby generating a lower score of‘2’. Also the smaller quadrat 
recorded 10 native species (71%), thereby scoring a ‘2’, whereas the 11 native species in 
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■% numtMr of tp*o« D% cover of ipecm 13% numb** end cover of epecim 



Fig. 4. Average Hawkesbury-Nepean Wetland Assessment (HNWA) Index scores (mean and SE) 
(scored by percent) comparing the species richness, cover and the sum of the richness and cover 
of species. 

Code to interpret the HNWA Index (Sainty & Jacobs 1997): <4, poor; 5, marginal; 7, hope; 
9 excellent. 


Scaled to 100% 



Fig. 5. Average Hawkesbury-Nepean Wetland Assessment (HNWA) Index scores for each site 
scaled to 100% showing little effect of scaling due to many of the wetlands having optimal scores 
of 9 (see text for explanation). 
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the larger quadrat (only 55%) represented a score of‘1’. Neither quadrat recorded any 
noxious species, thereby giving total scores for the smaller quadrat as ‘8’ and “excellent”, 
and the larger quadrat as ‘6’ and in the “some hope” category. This underestimation of 
the introduced species in the smaller quadrat increases the probability of not detecting 
an impact when there is an impact, or a Type II error. 

When both native and introduced species are underestimated by using too small 
a quadrat, the scores cancelled each other out. Percentages of both the native and 
introduced species remained in the same abundance class, causing no change to 
the calculation of the scores and the assessments remain the same (Cypress, Lower 
Portland, Plumpton Creek and Thirlmere Lakes wetlands). 

Therefore, quadrat size can influence the final assessment of a wetland and the selection 
of quadrat size should be based on pilot studies testing quadrat size with considerations 
of wetland type. Ultimately, whatever quadrat size is selected, it should be sufficiently 
large to provide consistent measures across all wetlands compared. This is also the case 
for selection and analysis of vegetation zones, since the compositional proportions of 
the vegetation zone will differ and this can also impact the score. 

In addition, underestimation of the number of native or introduced species in a 
wetland can also be introduced by m^identification of species. Misidentification is 
especially difficult to detect, and is rarely discussed in the literature (Scott 8c Hallam 
2002) but is clearly a source of error that may affect vegetation indices. This highlights 
the importance of collecting reference specimens that are retained for later re¬ 
interpretation, identification and analysis. 

Performance, or frequency of the same score, was high for 15 to 20 quadrats, indicating 
that 20 quadrats in a transect provides good precision (or estimate) of the scores within 
a vegetation zone. The only exception to this was due to the underestimation of native 
species resulting in an increase in the probability of detecting an impact when there is 
none (Type I error). 


Table 5. Three-factor analysis of variance (ANOVA) results for species richness and 
cover class. 


Source of variation 

Type 

df 

SS 

F 

P 

A: degree of human impact 

Fixed 

2 

19.23804 



B(A): Site 

Nested 

14 

73.22357 

9.74 

0.000001 

C: Season 

Random 

3 

0.8127926 

0.50 

0.682907 

AC 


6 

3.846385 

1.19 

0.343238 

BC(A) 


24 

12.89181 

0.72 

0.802553 

S 


44 

32.75 



Total (Adjusted) 


93 

143.617 




denotes term significant at a= 0.05 
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Even though over half of the species were identified in this study as dryland species, 
there was little change to the assessment of most wetlands when the non-aquatic species 
were excluded from the analyses. For two of the wetlands, the scores suggested that the 
condition of the wetland was worse than when dryland species were included. This was 
a result of the high proportion of introduced species among the dryland species. 

Analytical considerations 

If the flora of an area is reasonably well known, then accurate results can be expected 
if vouchers are collected and are authenticated. As proposed in the sections using 
different quadrat sizes, misidentifications can result in an incorrect estimation of the 
wetland scores. 

Wetlands include several families which have both native and introduced taxa and 
multivariate analysis of taxa only identified to the family-level provide little information 
for delineating natural (less-impacted) and impacted wetland sites, compared to 
genus-level analyses (Ling 2010). However, some genera still contain both native and 
weedy species (e.g., Alternanthera philoxeroides and A. denticulata; Paspalum distichum 
and P. dilatatum; Cyperus difformis and C. eragrostis). We suggest that if higher level 
aggregation is required, identification and classification of native, exotic or noxious 
species will still need to be done at species level for selected families, rather than a total 
aggregation to family or genus-level. 


Table 6. Hawkesbury-Nepean Wetland Assessment (HNWA) Index scores calculated 
for each quadrat in transects for sites sampled in autumn 2001. 

* indicates a score different to the score for 20 quadrats. Code to interpret the HNWA scores (Sainty & 
Jacobs 1997): <4, poor; 5, marginal; 7, hope; 9 excellent. 


Average of 15-20 quadrats 


Site 

Habitat 

15 

16 

17 

18 

19 

20 

Mianga Wetland 

Edge 

6 

6 

6 

6 

6 

6 


Emergent 

6 

6 

6 

6 

6 

6 

Plumpton Wetland 

Emergent 

8 

8 

8 

8 

8 

8 

Cypress Wetland 

Edge 

9 

9 

9 

9 

9 

9 


Submerged 

9 

9 

9 

9 

9 

9 

Lower Portland Wetland 

Emergent 

8 

8 

8 

8 

8 

8 


Emergent 

9 

9 

9 

9 

9 

9 


Emergent 

7* 

8 

8 

8 

8 

8 

Lake Nadungamba 

Edge 

7 

7 

7 

7 

7 

7 


Submerged 

8 

8 

8 

8 

8 

8 


Edge 

6 

6 

6 

6 

6 

8 


Submerged 

8 

8 

8 

9 

9 

9 

Plumpton Creek 

Emergent 

9 

9 

9 

9 

9 

9 

Thirlmere Lakes 

Emergent 

9 

9 

9 

9 

9 

9 


Emergent 

9 

9 

9 

9 

9 

9 


Emergent 

8 

8 

8 

8 

8 

8 
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Initial testing of the HNWA Index (Ling & Jacobs 2003) in seven natural and habitat 
wetlands over one season, found that proportions rather than numbers of native 
and introduced species gave the index a wider application to wetlands outside the 
Hawkesbury-Nepean catchment. This study using 21 wetlands over a two year period 
has supported this conclusion. However, inclusion of highly degraded wetlands has 
also highlighted the need to include cover as a measure in the index. This was evident in 
the scores of the degraded wetland at Coraki. The submerged habitat of Coraki wetland 
was visually dominated by the free-floating noxious weed, water hyacinth (Eichhornia 
crassipes). The importance of that species on the health of the wetland was not reflected 
in the index since the presence of only one noxious species represented less than 5% of 
the total number of species, whilst covering over 80% of the wetland. 

Scaling the scores (converting each score to a percentage of the highest score) allows the 
scores to be compared relative to one another (spatially and temporally) and enables 
the use of reference sites to be incorporated. While scaling the HNWA scores results 
cannot be interpreted in the sense that >7 is a pristine wetland or a score of <4 is an 
impacted wetland, as originally prescribed by the developers (Sainty & Jacobs 1997), it 
does provide the potential to compare scores with well chosen reference sites and enable 
the data to be analysed using analysis of variance techniques. Selection of the sites in 
this project was not to test for particular impacts of any particular wetland type. That 
is, the natural wetlands were not sampled as reference sites for the impacted wetlands, 
but rather as wetlands with little or no human disturbance. However, scaling the scores 
would be appropriate for surveys within a local government area that incorporated 
similar wetland types of different qualities. It would allow managers or stewards of 
wetlands to develop a baseline index specifically for the wetland vegetation in a region 
and enable the prioritisation of wetlands. 

When the restoration of impacted wetlands is being considered, we suggest that an 
appropriate ‘un-impacted’ natural wetland be used as a baseline for prioritising which 
wetlands to restore. The HNWA Index scores of this natural wetland could be used as 
indicators of how the restoration is proceeding. 


Conclusions 

The results of our study in southeast Australia demonstrate that sampling effort and the 
variables chosen influence wetland health indices in the Hawkesbury-Nepean Wetland 
Assessment (HNWA) index. We demonstrated that the proportion of species, rather 
than numbers of native and exotic species, should be used to allow the index a wider 
geographic application to wetlands outside the Hawkesbury-Nepean region (Ling 8c 
Jacobs 2003, Ling 2010). 

The vegetation-based wetland index of Sainty and Jacobs (1997) has been here 
modified to incorporate percent plant cover, with a recommendation to scale the 
scores (compare to maximum scores). The modified index is simpler and has a wider 
geographic application than the other Australian options available, as it is not specific 
to wetland type, or regionally based. 

The application of data from this study highlighted the effects of errors that can be 
made in summarising data into a single index and the need for careful consideration 
of aggregation of taxonomic information, sampling effort (quadrat number and size), 
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sampling designs including reference sites. Consideration of the number and size of 
quadrats and habitat type are necessary to minimise the effects of errors, as well as 
considerations of quality control and assurance issues. 

Information is lost in any index since only measures of number (or proportion) 
of native, introduced and noxious species are used. Other measures such as cover 
class, abundance, sensitivity or tolerance of a species to natural disturbances such 
as hydrological change (e.g. drought, Hood, salinity), species characteristics (e.g. 
successional, perennial, annual, or opportunistic species) and human-induced 
disturbances (siltation, litter, cattle, stormwater pollution) may also provide valuable 
information for the assessment of a wetland. 
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Abstract 

The new species Myriophyllum jacobsii (previously recognised variously as M. crispatum, 
M. simulans, and M. variifolium) is described from southeast Queensland. This species is 
distinguished from these other taxa primarily by comparably extreme emergent leaf length and 
novelty in transitional leaves (basal leaves of the emergent stem with pinnae or teeth). This is 
supported by phylogenetic results based on nrDNA ITS and cpDNA matK-trnK sequence data. 
The species is also put in a phylogenetic context in relation to other closely related Australian 
species. 


Introduction 

In the seminal taxonomic treatment of Australian Myriophyllum (Haloragaceae) 
by Orchard (1986) several new species from the eastern states were recognised 
(including M. crispatum Orchard and M. simulans Orchard) and the closely allied 
M. variifolium Hook.f. was redefined. All have a relatively widespread distribution in 
the eastern states and some acknowledged morphological variants (Orchard 1986). 
Myriophyllum crispatum and M. simulans had previously been included in a broadly 
defined M. propinquutn A.Cunn., now considered to be confined to New Zealand 
(Orchard 1980).In 1991 and 1994 Surrey Jacobs collected several stems of an unusually 
robust Myriophyllum from southeast Queensland near Gin Gin {Jacobs 6037, 6087) 
and the ‘Myall Park’ region {Jacobs 7117) and returned to Myall Park in 1997 with 
Barrc Hcllquist {Jacobs 8361). lie noted the unusual plants and determined that all 
specimens most closely resembled M. simulans. Specimens of similar morphology 
had been collected previously from the region to the north near Bundaberg ( Orchard 
4618 ; 24°08' S, 151 °55' E) and to the south near Meandarra ( Bean 18361; 27°22' S, 
150° 01' E) being variously identified as M. crispatum, M. variifolium and M. gracile 
Bcnth. The earliest collection 1 have observed was collected in Bundaberg in 1968 
{Taylor s.n.). In 1999 Jacobs and Donald Les collected further specimens northeast of 
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Miriam Vale (Jacobs 8514 & Les 542; CONN specimen labeled as Jacobs (8514) & Les 
(542), whereas NSW specimen is cited as Jacobs 8514 &Les; Moody and Les (2010) cite 
voucher specimen as Les 542, thus both numbers are included here) to be included in 
a developing molecular phylogenetic study. Moody and Les (2010) have provided the 
first phylogenetic hypothesis for the genus and, primarily in response to suggestions of 
morphological variants by Orchard (1986) and Surrey Jacobs (pers. comm.), a closer 
investigation among some key species complexes of Australian eastern state taxa have 
been concluded using molecular markers. Several unique genotypes were uncovered 
with varying degrees of morphological distinction. Mere I report the first of the new 
species resulting from this study, Myriophyllunt jacobsii, based on a combination of 
morphological, molecular and geographic evidence. 


Materials and Methods 

Specimens of M. jacobsii from AD, BRI, CONN, HO and NSW were examined 
and sorted from among specimens of M. crispatum, M. gracile, M. simulans and 
M. variifolium. All measurements were made from dried specimens. 

Phylogenetic results 

In a phylogenetic study of Myriophyllunt, Moody and Les (2010) conducted a broad 
sampling of Myriophyllum and generated sequence data for the nrDNA 11S and cpDNA 
trnK+matK region, including most species discussed above (excl. M. gracilc). Details 
of techniques and analyses of phylogeny are presented in Moody and Les (2010). A 
phylogram derived from the Bayesian analysis of combined ITS and matK+trnK 



. M. trachycarpum (2) 
-M. coronation 

- M.fdifornie A 

-M.filiforme B 


M. limnophilum 
M. drummondii 
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-M. lophatumW _ 
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M. alpinum (2) 

M. simulans A (2) 
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M. sp. nov. (2) 

M. variifolium A (4) 

M. variifolium B (3) 
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M. simulans B (2) 
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Fig. 1. Phylogram of Myriophyllum subsection Nudiflorum based on Bayesian phylogenetic 
analysis from Moody and Les (2010). Numbers next to branches represent nodal support 
based on Bayesian Posterior Probabilities (only those & 0.95 are shown). Branch lengths are 
proportional and based on mean posterior estimates of evolutionary distance. Numbers after 
taxon names refer to number of accessions sampled (if > 1) for that taxon. 
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sequence data is presented in Figure 1. Myriophyllum jacobsii is strongly supported, with 
a Bayesian Posterior Probability (PP=1.0), as sister to a clade containing M. alpinum 
and one M. simulans genotype forming part of the ‘lophatum clade’ in M. subsection 
Nudiflorum (Moody & Les 2010). The ‘lophatum’ clade is sister to the ‘variifolium’ 
clade which includes M. crispatum, M. variifolium and a M. simulans genotype, all taxa 
to which M. jacobsii has been allied in the past (see Fig. 1). 


Taxonomy 

Myriophyllum jacobsii M.L.Moody, sp. nov. 

M. simulanti atque M. crispato simillima sed robustior foliis emersis linearibus vel 
teretibus, longioribus, (1.5-) 2-3.2 (-3.6) cm longis. 

Type: Australia: Queensland: Darling Downs:‘Myall Park’, Crater Paddock, 27° 13'34"S; 
149° 41' 56" E, S.W.L. Jacobs 7117, 24 April 1996 (holo: NSW362760). Fig. 2. 

Stout perennial or paludal aquatic herb, rhizomatous; primary submerged stems 
usually prostrate with erect laterals, rooting at nodes; erect stems (15—) 30-50 cm 
tall, up to 20 cm emergent, 0.2-0.8 cm diameter, appearing yellow-green, sometimes 
reddish, especially when dried, lacking crisped hairs. Leaves whorled, subwhorled, 
rarely irregularly arranged, often all variations occurring on individual plants, 
and polymorphic. Submerged leaves in whorls of 5, subwhorled, rarely irregularly 
arranged, 1.5-3 cm long, 1.6-2.6 cm wide, pectinate with 12-26 filiform pinnae, ovate 
in outline; distance between whorls 5-20 mm; transitional submerged leaves noticeably 
smaller. Transitional emergent leaves in 2-4 whorls of 5, rarely lacking, linear or terete, 
0.8-2.2 cm length with (5-) 17-24 teeth or terete with pinnae 0.3-1.6 cm long, 
0.3-0.4 cm wide; emergent leaves in whorls or subwhorls of 5-7, linear-terete 
(1.5—)2—3.2(—3.6) cm long, 0.3-0.6 cm wide when fully mature; 0—8(-all) emergent 
whorls do not subtend flowers. 

Plants monoecious or dioecious. Inflorescence a spike with unisexual flowers borne 
singly in the axils of upper and sometimes transitional emergent leaves. Sometimes 
staminate or carpellate flowers on separate spikes of same plant. Monoecious spikes with 
carpellate flowers below, staminate above. Carpellate whorls 0-15(-20+), staminate 
whorls 0-20(-40+). Bracteoles of carpellate flowers white to pink, lanceolate, deltoid or 
ovate; 0.2-0.35 mm long, 0.15-0.3 mm wide, margins serrate. Bracteoles of staminate 
flowers white to pink, lanceolate-ovate (or deltoid), 0.45-0.8 mm long, 0.2-0.5 mm 
wide, margins serrate. 

Staminate flowers 4-merous, sessile. Sepals 4, ovate, oblong or deltoid, white, pink or 
red, 0.25-0.4 mm long, 0.1-0.25 mm wide; petals 4, white to red becoming purplish, 
often white basally becoming pink to purple distally, hooded or keeled, 1.8-2.8 mm 
long, 1-1.5 mm wide, becoming recoiled after anthesis. Stamens 8; filaments 1.1-1.5 mm 
long after anthesis; anthers linear-oblong, 1.6-2 mm long, 0.3-0.5 mm wide, non- 
apiculate; styles and ovary absent or represented by minute torus. Carpellate flowers 
4-merous, pink-red, sessile. Sepals, petals and stamens absent; styles 4, 0.25-0.3 mm 
long, tongue-shaped, reflexed; stigmas white, densely fimbriate, covering length of style; 
ovary syncarpous, 4-locular, cubic-globose, 0.4-0.5 mm long, 0.4-0.5 mm diameter, 
moderately papillose; papillae < 0.1 mm long. Fig. 3. 
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Fig. 2. Holotype of Myriophyllum jacobsii. 
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Table 1: Comparative morphology for Myriophyllum jacobsii and closely associated 
species. 



Mature 

Transitional emer¬ 

Transitional 

Emergent leaf 

Fruit 


emergent leaf 
length (mm) 

gent leaf length 
(mm) 

emergent leaf 
teeth/pinnae # 

arrangement 

shape 

M. jacobsii 

(15—)20—32 
(-36) 

8-22 

(5—)16—24 

Irregularly 
arranged - whorled 

± cubic 

M. crispatum 

5-18 

< 5 [lower]; (5-) 
10-17 [upper] 

6-8 

whorled 

± cubic 

M. simulans 

5—15(—18) 

(< 5) 5-15 

(< 12) 12-28 

Irregularly 
arranged -whorled 

± cubic 

M. variifolium 

8-15(-24) 

6-15(-20) 

(< 8) 8-10 

whorled 

columnar 


Fruit sessile, pink to red, ± cubic, 0.6-0.9 mm long, 0.6 mm diameter, rounded at base 
becoming slightly tapered distally, moderately papillose, with papillae <; 0.1 mm long, 
rarely some individuals fruits appearing almost striate due to arrangement of papillae; 
mericarps 4, separating freely at maturity, cylindrical, widest towards base. 

Selection of specimens examined: Queensland: Darling Downs, ‘Myall Park’ Abergeldie Dam, 
Jacobs 8361 d- Hellquist, 29 Nov 1997 (BRI, NSW). Leichhardt: Blackdown Tableland, ca 32 km 
SE of Blackwater, campsite on Mimosa Creek, Henderson 00794, 24 Apr 1971 (BRI). Port Curtis: 
Rosedale-Bundaberg road at Rosedale, Orchard 4618,4 Apr 1975 (HO). 5 km North of Junction 
of Bundaberg Rd with Miriam Vale Road, Jacobs 8514, 15 Oct 1999 (NSW). Wide Bay: Blucher 
Creek, 1 km S of Biggenden, Crisp 2647, 28 May 1977 (BRI). 46.3 km West of Tara, towards 
Meandarra, Bean 18361, Apr 2002 (BRI). Bundaberg District, waterhole on stock route, Taylor 
s.n., Aug 1968 (BRI). 



Fig. 3. Myriophyllum jacobsii. a, emergent leaves; b, transitional leaves; c, fruit; d, portion of 
carpellate inflorescence; e, transition between carpellate and staminate flowers. 
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Fig. 4. Distribution map of Myriophyllum jacobsii in southeast Queensland, Australia. 


Notes: this species is most similar in morphology to AT crispatum, M. simulans and 
AT variifolium but has much longer mature emergent leaves than all (Table 1). While 
there is some overlap with these species at the lower end of AT jacobsii leaf length, all 
specimens examined had most mature emergent leaves > 20 mm. Transitional leaves 
(here referring to those leaves retaining some pinnae or teeth on the emergent stem at 
the transition from the submerged stem (Fig. 3b)) in combined length and number of 
teeth (or pinnae), especially in the lowermost whorls, are also characteristic for this 
species compared to M. crispatum and M. variifolium (Table 1). Also, M. jacobsii is 
a much more robust plant than AT simulans in general, usually has some leaves not 
strictly whorled and lacks the crisped hairs that are common but not universal in 
AT crispatum and has ± cubic fruit compared to the columnar fruit of M. variifolium. 
In a phylogenetic context, AT jacobsii is sister to a clade containing AT alpinum and one 
genotype of AT simulans, but is highly divergent from both using both nrDNA ITS and 
cpDNA data (Fig. 1). 

Distribution, Habitat, Phenology: Myriophyllum jacobsii has been collected from 
lagoons, shallow stagnant or clear water (0.5-1 m depth), creeks and drainage areas. 
It is distributed in southern Queensland, northeast to Blackdown Tableland, southeast 
near Crows Nest and west to Myall Park (Fig. 4). This species has been collected with 
flower and fruit from Apr-Dee. 

Etymology: this species is named for Surrey W. L. Jacobs, a superb aquatic botanist, 
colleague and friend. 
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Abstract 

Nymphoides is a genus of approximately 50 species worldwide, and arguably achieves its greatest 
diversity in tropical northern Australia, where most of the 20 native species occur. Species found 
at temperate latitudes arc restricted to the eastern half of the country; of these, three (N. crenata, 
N. gerninata, N. indica) also occur in the tropics, and two (N. montana and N. spinulosperma ) 
are only temperate. During an ongoing phylogenetic study of the genus, DNA sequences from 
N. montana were a major source of incongruence between phylogenetic trees derived from 
nuclear (nrl TS) and chloroplast (rbcL, trnK) data matrices. Our phylogenetic analysis revealed 
that N. montana resolved variously with N. gerninata (nuclear data) and N. spinulosperma 
(chloroplast data), which despite their strong morphological similarity, arc not closely related 
to each other. 1 hese results indicate a hybrid origin for N. montana, which subsequently retains 
evidence of its maternal lineage in the chloroplast genome, whereas nuclear DNA markers 
(nrlTS data) have been converted to resemble the paternal lineage exclusively. 


Introduction 

Nymphoides Seg. (Menyanthaceae) includes approximately 50 species worldwide and 
generally is characterised by a submersed rhizome and floating leaves that support 
clusters or lax racemes of pentamerous flowers (Tippery et al. 2008). Most of the 20 
Australian species are exclusively tropical, but several are found in the southeast (Jacobs 
1992; Aston 2003,2009). Two species (N. montana Aston and N. spinulosperma Aston) 
occur only at temperate latitudes; both were described recently by Aston (1982,1997) as 
part of her thorough study of Australian Nymphoides. Morphologically, these species are 
quite similar to each other and also to N. gerninata (R.Br.) Kuntze, a rather widespread 
species and one of the first Menyanthaceae to be catalogued from the continent (Brown 
1810). Nymphoides gerninata, N. montana, and N. spinulosperma share the yellow 
flowers and expanded inflorescence habit that characterise the informal ‘gerninata 
group’ to which they were assigned by Aston (1982, 1997). However, the three species 
differ from each other by their seed morphology, which Aston (2003) considered to 
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be highly diagnostic. The seeds of N. geminata are globose and sparsely tuberculate, 
those of N. montana are smooth and compressed laterally, and N. spinulosperma seeds 
are compressed and distinctly covered with tapering tubercles (Aston 2003). These 
species also differ markedly from their two sympatric congeners: N. indica (L.) Kuntze 
has white flowers that are covered in ciliate hairs and borne in umbellate clusters, and 
N. crenata (F.Muell.) Kuntze has petals with median wings and is the only Nymphoides 
species with a pentamerous gynoecium (Aston 1973, Jacobs 1992). 

Prior molecular phylogenetic work on Menyanthaceae has included every species in 
all genera other than Nymphoides (Tippery et al. 2008, 2009), but relationships of 
relatively few taxa within this genus have been addressed to date. These previous studies 
established that the anomalous species N. exigua (F.Muell.) Kuntze did not belong in 
Nymphoides but rather to Liparophyllum Hook.f., to which it was transferred under 
an expanded genus concept that also included several former species of Villarsia Vent. 
(Tippery et al. 2008, Tippery 8c Les 2009). All other Nymphoides species analysed to date 
resolve as a strongly monophyletic group, within which the ‘indica group’ (i.e., species 
with a densely clustered inflorescence supported by a single floating leaf; Aston 1982) 
form a clade subtended by the paraphyletic ‘geminata group’ (Tippery et al. 2009). 

Australian Nymphoides species span both groups of inflorescence architecture, and 
also vary in their sexual condition. Dimorphic heterostyly, the reciprocal separation of 
anthers and stigma on different plants, often accompanied by ancillary morphological 
differences and self-incompatibility between plants of the same morph type 
(Haddadchi 2008), is widespread in Menyanthaceae. A few species (including several 
Nymphoides) are homostylous, having flowers that lack the spatial separation of floral 
organs as well as the accompanying self- and intramorph incompatibility (Aston 1973, 
Jacobs 1992, Haddadchi 2008). The hetcrostylous condition promotes outcrossing, 
which is an important mechanism in Nymphoides where highly clonal populations 
often are established by vegetative propagation (e.g., through stolons or fragmentation; 
Haddadchi 2008). One fundamental difference between N. geminata and N. montana 
is that the former is homostylous and the latter heterostylous (Ornduft 1970, Jacobs 
1992, Haddadchi 2008). The different sexual conditions of N. geminata and N. montana 
also correlate ecologically. Nymphoides geminata successfully self-pollinates, even 
autonomously (i.e., without pollinator activity), and can tolerate marginal habitats 
(e.g., extensive water level fluctuation), whereas N. montana is self- and intramorph- 
incompatible and tends to inhabit more stable water bodies (Haddadchi 2008). Less 
information is available for the more narrowly distributed N. spinulosperma, although 
Aston (1997) did refer to the species as heterostylous. 

During an ongoing phylogenetic study of Nymphoides, we noted that DNA sequences 
of N. montana resolved to different positions on trees that were derived using either 
nuclear or chloroplast data. By investigating a broad sample of species, we observed that 
the nuclear data placed N. montana as a close sister species to N. geminata while the 
chloroplast data resolved it with N. spinulosperma. Prior results indicated that the latter 
two taxa are not closely related to each other (Tippery et al. 2009). Herein we present 
the results of a phylogenetic study directed at resolving the closest-related species to 
N. montana and its morphological affinities to these putative relatives, and discuss the 
evidence indicating the hybrid origin of this taxon. 
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Materials and Methods 

Nymphoides specimens for DNA analysis were collected and preserved in CTAB 
(Rogstad 1992), or obtained from dried herbarium material. Specimens of N. geminata , 
N. montana, and N. spinulosperma were identified using published descriptions (Aston 
1982, 1997, 2003), cognisant of potential taxonomic confusion regarding the identity 
of N. geminata as reported in some of the earlier literature (e.g., Aston 1973). DNA 
sequences from multiple accessions of the same taxon were compared initially. After 
finding minimal sequence variation within a taxon (< 0.3% divergence in pairwise 
comparisons), phylogenetic trees were simplified by using only one accession of 
each taxon for phylogenetic analyses (Appendix 1). The outgroup comprised seven 
species of Liparophyllum (sensu Tippery & Lcs 2009), which molecular analyses have 
resolved as the sister clade of Nymphoides (Tippery et al. 2008, 2009). Locality data 
were collected from literature sources (Aston 1982, 1997; Haddadchi 2008) and from 
herbarium specimens that were verified during this study (Appendix 1). 

DNA extraction, amplification, and sequencing of the nuclear ribosomal internal 
transcribed spacer (nrlTS) and the chloroplast rbcL gene and trnK 5’ intron, plus 
proofreading and alignment of sequence chromatograms, followed Les ct al. (2008) 
using primers specified by Tippery et al. (2008). Gaps in the alignment, representing 
insertions or deletions (indels), were coded using simple indel coding (Simmons 8c 
Ochotercna 2000) in the program SeqStatc (Muller 2005, 2006). Molecular sequence 
data generated lor this study were deposited in GenBank (accession numbers 
HQ184901-HQ184921; Appendix 1), and aligned data and indel matrices were 
submitted to TrecBASE (study number SI0810; http://treebase.org/). 

Data were analysed separately (nrlTS, rbcL, trnK ) and in combination, under both 
equally weighted maximum parsimony and maximum likelihood methods. Prior 
to combining data, partition-homogeneity / incongruence length difference (ILD) 
tests were conducted using PAUP* ver. 4.0bl0 (heuristic search, 1,000 replicates, 
maxtrces= 1,000; Farris et al. 1994, Swofford 2002) in order to evaluate the relative 
congruency of the different data partitions examined, using a significance threshold of 
p < 0.01 .After finding significant incongruence between nuclear (nrlTS) and chloroplast 
(rbcL and trnK) data (see Results), we identified the major source of incongruence 
(N. montana) using species jackknifing (Lecointre & Deleporte 2005). Subsequently, 
we artificially separated the data for N. montana into two ‘taxa’, one each representing 
the nuclear and chloroplast data. 

Heuristic tree searches were performed under parsimony in PAUP* (Swofford 2002) 
with 100 replicates of random stepwise addition (maxtrees= 100,000) and branch 
swapping by tree bisection and reconnection (TBR). Support for internal nodes was 
evaluated using 1,000 bootstrap replicates in PAUP 1 * with the following options: 
heuristic search, one random stepwise addition per replicate, swapping by TBR, and 
maxtrees= 10,000. After model selection with jModeltest ver. 0.1.1 under the AIC 
criterion (Posada 2008), likelihood analysis was implemented using GARLI ver. 0.96. 
r396 (Zwickl 2006), with the combined data matrix partitioned among nrlTS DNA 
(TIM3ef l G), nrlTS indels (Mkv model; Lewis 2001), rbcL DNA (TIM2+1), trnK DNA 
(1VM I G), and trnK indels (Mkv). fen separate likelihood runs were performed using 
different random starting seeds, and the tree with the maximum likelihood score was 
compared with the parsimony consensus tree. Bootstrap analysis (1,000 replicates) was 
conducted using GARLI. 
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Results 

We obtained nucleotide sequences for 35 accessions of 20 taxa, including seven 
outgroup and ten ingroup taxa that were studied previously by Tippery et al. (2008, 
2009), three accessions of N. gemimta, nine of N. montana, and six of N. spinulosperma 
(Appendix 1). Multiple accessions of the latter three taxa largely spanned their respective 
species’ ranges except for N. montana, for which collections were clustered roughly at 
the centre of its range (Fig. 1). 

Aligned nucleotide and indel data were obtained for nrlTS DNA (874 nucleotide 
characters, 146 parsimony-informative, 1.2% missing data), nrlTS indels (98 characters, 
48 parsimony-informative), rbcL DNA (1348 characters, 32 parsimony-informative, 
4.1% missing), trnK DNA (1074 characters, 35 parsimony-informative, 1.4% missing), 
and trnK indels (14 characters, 4 parsimony-informative), for a total of 3,408 characters. 
Partition-homogeneity analysis showed that the rbcL and trnK data (including indels) 
were congrucnl (p = 0.73), but the partition of chloroplast (rbcL and trnK, including 
indels) versus nuclear (nrlTS DNA and indels) data showed significant incongruence 
(p = 0.001). Successive pruning of taxa rendered the p-value non-significant (p = 0.32) 
by removing only N. montana. 

Phylogenetic analyses of combined data resulted in six most-parsimonious trees (748 
steps, consistency index = 0.81, retention index = 0.87) and a maximum-likelihood 
value (natural logarithm) of -8,588 (Fig. 2). Nymphoides was strongly supported as 



Fig. 1. Localities of specimens examined for this study. Owing to superficial morphological 
similarity and potential taxonomic confusion regarding the taxa involved, only specimens that 
were reported in recent literature (Aston 1982, 1997; Haddadchi 2008) or verified by the authors 
(Appendix 1) are included. Open shapes identify collection localities of specimens from which 
molecular data were obtained. 
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Fig. 2. One of six most-parsimonious trees constructed using combined nuclear (nrlTS) and 
chloroplast (rhcL, irnK) molecular sequence data evaluated under the parsimony criterion. 
Branch lengths arc proportional to the number of changes inferred, with scale given. Outgroup 
taxa of Liparophyllum (sensu Tippery & Les 2009) were condensed for clarity. The single ingroup 
branch that collapses in the strict consensus tree is indicated by an asterisk (*). Other branches 
are labelled with their bootstrap support values, with parsimony above and likelihood below. 
Nymphoides montana was split into two artificial taxa, one each for its nuclear and chloroplast 
data, which are connected by a dashed line. Taxa discussed in the text are indicated in bold. 


monophyletic relative to the outgroup, and all internal relationships were well supported 
except for the placement of N. crenata , which resolved variously as sister to the rest of 
Nymphoides (parsimony) or sister to the cladc containing N. peltata (likelihood); the 
competing alternate topologies, however, were supported only moderately (Fig. 2). 

The nuclear data resolved N. montana in a cladc with N. geminata, from which its 
nr ITS sequence differed by four characters; chloroplast data resolved N. montana with 
N. spinulosperma, with only one character differing between them (Fig. 2). Multiple 
accessions did not differ by any parsimony-informative characters within a taxon, 
except for one N. spinulosperma accession (Aston 2880; Appendix 1), which matched 
the trtiK sequences for N. montana exactly. We also have sampled all other Nymphoides 
taxa in Australia (N.P.T., unpublished data), and have found no other sequences to be 
more similar to N. montana than those presented here as putative parental lineages. 


Discussion 

Nymphoides are morphologically diverse in Australia, where species are found with 
both condensed and expanded inflorescences and a great variety of floral and seed 
morphologies. Surprisingly, phylogenetic analysis indicated that N. geminata and 
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N. spimilosperma, two of the most morphologically similar and geographically 
proximate species, were not closely related (Tippery ct al. 2009, fig. 2). Moreover, 
N. montana , a species that also resembles these taxa, appears to be of hybrid origin, 
with a paternal lineage more closely related to N. geminata (to which its nuclear DNA 
is most similar) and a maternal lineage related to N. spimilosperma (indicated by the 
affinity of its chloroplast DNA). 

The interrelationships of the taxa involved are supported by their geographic proximity. 
All three species grow primarily in the temperate east of Australia (Fig. 1), where only 
two other Nymphoides occur (see Introduction). Nymphoides geminata, N. montana, 
and the less well-known N. spimilosperma are worthy of comparison in light of the 
relationships presented here. Nymphoides geminata and N. spimilosperma are relatively 
widespread, although the latter exists in only a few localised areas, and N. montana is 
rather densely distributed near the coast (Fig. 1). Nymphoides geminata and N. montana 
differ by their flower size, pollinator visitation, self-compatibility, and pollemovule 
ratios, all of which potentially are correlated with the ecological niche of each species 
(Haddadchi 2008). 

Both N. montana and N. spimilosperma are heterostylous, whereas N. geminata is one 
of few homostylous Nymphoides in Australia (Aston 1973, 1982, 1997; Haddadchi 
2008). In a study comparing the sexual systems of N. geminata and N. montana, 
Haddadchi (2008) found evidence of functional hetcrostyly in the latter, with 
ancillary morphological traits (e.g., pollen and stigma dimorphism), populations with 
equal morph ratios, and self- and intramorph incompatibility; on the other hand, 
N. geminata was homostylous and highly self-fertile. The ploidy level of both 
N. geminata and N. montana was determined to be 2n = 54, although one population 
of the latter had 2n = 36 (Haddadchi 2008). In another study, Ornduff (1970) obtained 
the count of 2n = 36 for both taxa, which at that time were considered to be a single 
species. Similar intraspecific chromosome number variation also has been observed in 
Ornduflia parnassifolia (Labill.) Tippery 8c Les (= Villarsia parnassifolia (Labill.) R.Br.; 
Ornduff 8c Chuang 1988). 

Morphologically, N. montana possesses parental characters of both N. geminata and 
N. spimilosperma as well as some novel features (cf. Riesebcrg 8c Ellstrand 1993). The 
pink pigmentation at the leaf and petiole junction characteristic of N. spimilosperma 
(Aston 1997) was observed in some specimens of N. montana (e.g., Aston 1820, Bell 
108, Kodela 208, all at NSW; Betche s.n. Dec 1898, Briggs s.n. 27 Dec 1965, Briggs s.n. 
28 Dec 1965, all at UC; Appendix 1) but is consistently absent in N. geminata. Pink 
or purple leaf coloration is generally uncommon in Nymphoides, but it has been 
observed also on the leaves of the related species N. aurantiaca (Dalzell) Kuntze 
(N.P. T, personal observation). The seeds of N. montana resemble N. geminata by their 
polygonal junction of epidermal cells (they are interdigitatc in N. spimilosperma), 
but are more like N. spimilosperma by their compressed, elliptical shape (globose in 
N. geminata) and also by their length (1.1-1.6 mm vs. 0.5-1.2 mm in N. geminata', Aston 
2003). Nymphoides montana is unique among the three species in having smooth seeds, 
whereas N. geminata and N. spimilosperma have tuberculate cell extensions (although 
smooth seeds occur occasionally in the former; Aston 2003). Seed morphology varies 
widely among Nymphoides species, and although the seed character combinations 
above are diagnostic for the species mentioned, their individual traits (e.g., seed shape 
or the presence of tubercles) are not unique (Aston 2003). 
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Hybridisation occurs commonly in plants and has become increasingly easier to 
discern using DNA sequencing and cloning methods (Rieseberg 1997, Soltis & Soltis 
2009). Evidence of relatively recent hybridisation is apparent in the often-sequenced 
nrl 1S region, which exists as tandem repeats that tend (in non-hybrid lineages) to 
be uniform across all copies, owing to the process of concerted evolution (Alvarez & 
Wendel 2003). However, in many recently derived hybrids, where concerted evolution 
has not had sufficient time to assimilate all copies of nrlTS, the differences appear 
as sequence polymorphisms that then can be separated by molecular cloning (e.g.. 
Moody & Les 2002). In some situations the ongoing process of concerted evolution 
is evidenced by the existence of chimeric sequences, i.e., nrlTS sequences that exist as 
various recombinant copies of the two parental sequences (e.g., Les et al. 2009), or by 
copies that are intermediate between the parental sequences, i.e., the result of crossing- 
over followed by gene conversion (Alvarez & Wendel 2003). 

We interpret the situation encountered in N. montana to represent the uniform 
conversion of nrlTS to the paternal lineage, perhaps through continued introgression 
of pollen from a common ancestor of N. geminata, together with a static chloroplast 
background derived from the maternal N. spinulosperma lineage. Further sequencing 
of other nuclear and chloroplast loci is planned in the hope of providing additional 
data to support this hypothesis. Moreover, both the chloroplast and nuclear DNA of 
N. montana have diverged from the parental lineages, indicating that substantial time 
has elapsed since the hybridisation event. Evidence exists in other hybrid-origin groups 
to suggest that discordant copies of nrlTS can convert entirely to represent one or the 
other parent, although the mechanism of conversion and the likelihood of converting 
to one copy or the other are not known (Alvarez & Wendel 2003, Volkov et al. 2007, 
Calonje et al. 2009). 

At odds with our interpretation are the significantly lower pollen abundance and 
paucity of pollinator activity observed in the homostylous N. geminata (Haddadchi 
2008), because these factors would facilitate inbreeding and decrease its likelihood of 
serving as the pollen parent of a hybrid cross. However, homostyly may not represent 
the ancestral condition of N. geminata; heterostyly is widespread in Nymphoides and 
most likely represents the ancestral condition for the entire genus (Tippery et al. 2008). 
It is possible that the original cross that produced N. montana occurred between two 
heterostylous species, with one eventually evolving into the present-day homostylous 
N. geminata. Subsequent to its hybrid origin, ecological differentiation between 
N. montana and its pollen parent may actually have been a factor in the evolution 
of homostyly in N. geminata. Further research should be directed to seek additional 
evidence in support of the hybrid origin of N. montana and also to corroborate the 
identity of its parental lineages and elucidate their reproductive ecology. 


Acknowledgments 

We are extraordinarily indebted to Surrey Jacobs for sharing his expertise on Australian 
Nymphoides and for collecting specimens for this study. We also thank the staff and 
directors of several herbaria (BRI, K, NSW, UC) for granting access to specimens, 
Helen Aston and Azadch Haddadchi for helpful discussion, two anonymous reviewers 
for comments on our manuscript, and the editorial staff of Telopea for organising and 
inviting us to participate in this special issue. 


292 


Telopea 13(1-2): 2011 


Tippery and Les 


References 

Alvarez I 8c Wendel JF (2003) Ribosomal ITS sequences and plant phylogenetic inference. 
Molecular Phylogenetics and Evolution 29: 417—434. 

Aston HI (1973) Aquatic Plants of Australia. (Melbourne University Press: Carlton, Victoria) 

Aston HI (1982) New Australian species of Nymphoides Siguier (Menyanthaceae). Muelleria 
5:35-51. 

Aston HI (1997) Nymphoides spinulosperma (Menyanthaceae): a new species from south-eastern 
Australia. Muelleria 10: 21—25. 

Aston HI (2003) Seed morphology of Australian species of Nymphoides (Menyanthaceae). 
Muelleria 18: 33-65. 

Aston HI (2009) Notes on Australian taxa of Nymphoides (Menyanthaceae): typification and 
nomenclature. Muelleria 27: 119-126. 

Brown R (1810) Prodromus Florae Novae HoUandiae et Insulae van-Diemen (London: Typis 
R. Taylor et Socii) 

Calonje M, Martin-Bravo S, Dobes C, Gong W, Jordon-Thaden I, Kiefer C, Kiefer M, Paule 
J, Schmickl R 8c Koch MA (2009) Non-coding nuclear DNA markers in phylogenetic 
reconstruction. Plant Systematics and Evolution 282: 257-280. 

Farris JS, KilllersjoM, Kluge AG 8c Bult C (1994) Constructing a significance test for incongruence. 
Systematic Biology 44: 570-572. 

I Iaddadchi A (2008) Floral variation and breeding system in distylous and homostylous species 
of clonal aquatic Nymphoides (Menyanthaceae). Ph.D. Thesis. (University of New England: 
Armidale) 

Jacobs SWL (1992) Menyanthaceae. Pp. 506-508 in Harden GJ (ed.) Flora of New South Wales, 
vol. 3. (New South Wales University Press: Kensington) 

Lecointre G & Deleporte P (2005) Total evidence requires exclusion of phylogenetically 
misleading data. Zoologica Scripta 34: 101-117. 

Les DH, Jacobs SWL, Tippery NP, Chen L, Moody ML 8c Wilstermann-Hildebrand M (2008) 
Systematics of Vallisneria (Hydrocharitaceae). Systematic Botany 33:49 -65. 

Les DH, Murray NM 8c Tippery NP (2009) Systematics of two imperiled pondweeds 
(Potamogeton vaseyi, P. gemmiparus) and taxonomic ramifications for subsection Pusilli 
(Potamogetonaceae). Systematic Botany 34:643-651. 

Lewis PO (2001) A likelihood approach to estimating phylogeny from discrete morphological 
character data. Systematic Biology 50: 913-925. 

Moody ML 8c Les DH (2002) Evidence of hybridity in invasive watermilfoil (Myriophyllum) 
populations. Proceedings of the National Academy of Sciences USA 99: 14867—14871. 

Muller K (2005) SeqState - primer design and sequence statistics for phylogenetic DNA data 
sets. Applied Bioinformatics 4: 65-69. 

Muller K (2006) Incorporating information from length-mutational events into phylogenetic 
analysis. Molecular Phylogenetics and Evolution 38: 667-676. 

Ornduff R (1970) Cytogeography of Nymphoides (Menyanthaceae). Taxon 19: 715-719. 

Ornduff R8c ChuangTI (1988) Chromosome numbers of Western Australian species of Villarsia 
(Menyanthaceae). Plant Systematics and Evolution 161: 49-52. 

Posada D (2008) jModelTcst: Phylogenetic model averaging. Molecular Biology and Evolution 
25: 1253-1256. 

Ricsebcrg LH (1997) Hybrid origins of plant species. Annual Review of Ecology and Systematics 
28: 359-389. 

Ricsebcrg LH 8c Ellstrand NC (1993) What can molecular and morphological markers tell us 
about plant hybridization? Critical Reviews in Plant Sciences 12: 213—241. 

Rogstad SI I (1992) Saturated NaCl-CTAB solution as a means of field preservation of leaves for 
DNA analyses. Taxon 41: 405-458. 

Simmons MP 8c Ochoterena H (2000) Gaps as characters in sequence-based phylogenetic 
analyses. Systematic Biology 49: 369-381. 





Hybrid origin of Nymphoides montana (Menyanthaceae) Telopea 13(1-2): 2011 


293 


Soltis PS & Soltis DE (2009) The role of hybridization in plant speciation. Annual Review of 
Plant Biology 60: 561-588. 

Swoflord DL (2002) PAUP": Phylogenetic analysis using parsimony ("and other methods), 
ver. 4. (Sinauer Associates: Sunderland, Massachusetts) 

I ippery NP 8< Les DH (2009) A new genus and new combinations in Australian Villarsia 
(Menyanthaceae). Novon 19:406-413. 

Tippery NP, Les DH, Padgett DJ & Jacobs SWL (2008) Generic circumscription in Menyanthaceae: 
a phylogenetic evaluation. Systematic Botany 33:598-612. 

Tippery NP, Les DH, Regalado Jr. JC, Averyanov LV, Vu Ngoc Long & Raven PH (2009) Transfer 
of Villarsia cambodiana to Nymphoides (Menyanthaceae). Systematic Botany 34: 818-823. 

Volkov RA, Komarova NY & Hcmleben V (2007) Ribosomal DNA in plant hybrids: inheritance, 
rearrangement, expression. Systematics and Biodiversity 5: 261-276. 

Zwickl DJ (2006) Genetic algorithm approaches for the phylogenetic analysis of large biological 
sequence datasets under the maximum likelihood criterion. Ph.D. Dissertation. (University 
of Texas: Austin) 


Manuscript received 27 February 2010, accepted 27 September 2010 

Appendix 1. 

Verified specimens of Nymphoides geminata, N. montana, and N. spinulosperma 
evaluated in this study, followed by ingroup and outgroup taxa that were sequenced 
previously (Tippery et al. 2008, 2009). GenBank accession numbers are indicated 
in parentheses for nrlTS, rbcL, and trnK, respectively; asterisks (*) indicate which 
sequences were used for phylogenetic analyses, and dashes (—) indicate genes not 
sequenced. Collection localities for specimens listed here and those reported by Aston 
(1982, 1997) and Haddadchi (2008) are depicted in Fig. 1. 

Nymphoides geminata (R.Br.) Kuntze—New South Wales. Carroll’s Creek, Tenterfield, 
Constables.n. 02 Dec 1965 (UC; EF173037, EF173103, EF173073); Narran Lake Nature 
Reserve, 50 km W of Walgett, Bell 151 (NSW); Windsor - Blacktown road, Blaxell s.n. 
25 May 1960 (NSW); ibid. Blaxell s.n. 20 Oct 1960 (NSW); ibid. Blaxell s.n. 22 Sep 
1961 (NSW); Boonoo Boonoo, Boorman s.n. Feb 1905 (NSW); 2 miles by road south 
of Woodenbong, Constable 6622 (NSW); Sandy Creek, c. 3 miles south of Old Benalbo, 
Constable s.n. 26 Oct 1961 (NSW); Carroll’s Creek, 17.5 miles by road N. of Tenterfield, 
Constable s.n. 02 Dec 1965 (NSW); Near corner of Llandillo Rd 8c Blacktown Rd, Hind 
5214 (NSW); The Glen, McBarron 631 (NSW); Veterinary Research Station, McBarron 
8556 (NSW). Queensland. Stanthorpe, Cm'/ey s.n. Dec 1875 (BRI);Tarong State Forest, 
Bean 13183 (NSW; EF173038*, EF173104% EF173074*); Mt Moffatt N.P., NW of 
Injune, Bean 14273 (NSW; I IQ184901, —, HQ184911); Lawnton, Blake 3055 (BRI); 
Samford near Brisbane, Blake 14939 (BRI); 82 km E of Cunnamulla on St George Rd, 
Dowling WP119 (BRI); Thulimbah, Stanthorpe Shire, Flesser s.n. 16 Jan 1997 (BRI); 
Western base of Mt Gillies, Forster 12115 (BRI); Blackdown Tableland, ca 35km SE of 
Blackwater, Henderson 111063 (BRI); Stanthorpe, Loryman s.n. 1911 (K); Beehive Dam, 
ca 4km NE of Wallangarra, Sharpe 1958 (BRI); Oxley Creek, Oxley Army Training 
Reserve, 25km ESE of Ipswich, Sharpe 5280 (BRI); 30 miles W of Pentland Township, 
Speck 4602 (BRI, K). 

Nymphoides montana Aston — New South Wales. Maclaughlin River, at crossing of 
the Bombala to Cooma road, 6 km S of Nimmatabcl, Aston 1820 (NSW); Braidwood to 
Nerriga road, Jerricknorra Creek at road crossing about 9 km by road, E of Charleyong, 
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Aston 1822 (NSW); Braidwood to Nerriga road, Black Bobs Creek, about 2.6 km by 
road SW of the Corang River, equals about 13 km direct line SSW of Nerriga, Aston 
1823 (NSW; HQ184902, —, HQ184912); Cooney Creek, 18 km by road E of Armidale 
on the Dorrigo Road, Aston 1837 (NSW); Bergen opposite Zoom Creek, at crossing 
of the Walcha to Uralla road, 5 km N of Walcha, Aston 1849 (NSW); ibid. Aston 1850 
(NSW); Billi Bung Lagoon, 17 km N of Guyra, Bell 108 (NSW); Big Badja River, 
5 miles N of Countegany, Briggss.n. 28 Dec 1965 (NSW); Joorilands, Wollondilly River, 
8 miles south-east of Ycrranderie, Constable 5642 (NSW); Umeralla R„ near Numeralla, 
Corbin s.n. Dec 1949 (NSW); Wcddenjerry Lake, c. 14 km S of Bombala, Cann R. Hwy., 
Jacobs 6817 (NSW); Cecil Hopkins Reserve, Moss Vale Rd, Bowral, Jacobs 9950 (NSW; 
LIQ184904,—, HQ184914); Paddys River, Hume Hwy, Jacobs 9951 (NSW; HQ184905, 
—, HQ184915); Bindook Swamp, 7 miles SW of Ycrranderie, Johnson 1074 (NSW); SW 
end of Wingecarribee Swamp, c. 6.5 km due WNW of Robertson, 2.5 km due NNW of 
Burrawang, Kodela 208 (NSW; HQ 184903,—, IIQ184913); Black Bob’s Creek, Moody 
477 (CONN; EF173043, EF173108, EF173078). Victoria. Morass Creek, about 5 km N 
of Benambra, Aston 1853 (NSW). Cultivated. Lake Nadungamba, Mt. Annan Botanic 
Gardens, Jacobs 9376 (NSW; EF173045*, EF173109*, EF173080*); Hunter Valley, Jacobs 
9948 (NSW; HQ184907, —, HQ184917); Probable origin Otways, Jacobs 9949 (NSW; 
HQ184906,—, I IQ184916); Collected in Victoria, Bagels s.n. (CONN; EF173044,—, 
EF173079). 

Nymphoides spinulosperma Aston — New South Wales, c. 13 km NNW of Collie, 
Aston 2878 (NSW; HQ184908, —, IIQ184918); Oxley Highway, between Gilgandra 
and Warren, 14-15 km E of Collie, and 0.5 km E of the Berida-Innisfail road junction, 
Aston 2880 (NSW; FJ391928,—, HQ184919). Queensland, c. 96 km S of Surat on the 
St George road, Les 616 8c J acobs 8605 (NSW; FJ391926*, FJ39I941*, FJ391934*); St 
George, Wedd s.n. May 1894 (BRI). Victoria, c. 16 km by road (14 km in a straight 
line) W of St Arnaud along theWimmera Highway, Aston 2869 (NSW; HQ 184909,—, 
HQ 184920). Cultivated. Hunter Valley, Jacobs 9947 (NSW; HQ 184910, —, HQ 184921); 
Collected in Victoria, Pagels s.n. (CONN; FJ391927, FJ391942, FJ391935). 

Ingroup: Nymphoides aurantiaca (Dalzell) Kuntzc (FJ39I922, FJ391937, FJ391930); 
N. cambodiana (Hance) Tippery (FJ391929, FJ391943, FJ391936); N. cordata (Elliott) 
Fernald (EF 173028, EF 173096, EF 173064); N. crenata (F.Muell.) Kuntze (EF 173032, 
EF 173099, EF 173068); N. cristata (Roxb.) Kuntze (EF173033, EF173100, EF173069); 
N. exiliflora (F.Muell.) Kuntze (EF173036, EF173102, EF173072); N. indica (L.) 
Kuntze (EF173040, EF173106, EF173076); N. minima (F.Muell.) Kuntze (FJ391925, 
FJ391940, FJ391933);N. peltata (S.G.Gmcl.) Kuntze (EF173046, EF173110, EF173081); 
N. thunbergiana (Griseb.) Kuntze (EF173048, EF173111, EF173082). 

Outgroup: Liparophyllum capitatum (Nces ex Lehm.) Tippery 8c Les (EF173053, 
EF173114, EF173086); L. congestijlorum (F.Muell.) Tippery 8c Les (EU257161, 
EU257188, EU257174); L. exaltation (Sol. ex Sims) Tippery & Les (EF173054, EF 173115, 
EF173087); L. exiguum (F.Muell.) Tippery 8c Les (EF173035, EF 173101, EF173071); 
L. gunnii Hook.f. (EF173024, EF173092, EF173061); L. lasiospermum (F.Muell.) 
Tippery 8c Les (EF173056, EF173117, EF173089); L. latifolium (Benth.) Tippery 8c Les 
(EU257163, EU257190, EU257176). 
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Abstract 

Four new species in Eleocharis K.lSr. subgenus Limnochloa (P.Beauv. ex T.Lcstib.) Torr. are 
described: Eleocharis jacobsiana, E. rivalis, E. sanguinolenta and E. triquetra. All of these 
species are from tropical Australia. 


Introduction 

The genus Eleocharis includes about 250 species (Govacrts el al. 2007), growing in at least 
seasonally wet habitats — the perennial species commonly in permanently wet places — 
mainly in tropical and warm-temperate parts of the world. There is a concentration of 
species in the Americas (at least 145 species, in all four subgenera currently recognised, 
fide Gonzalez-Elizondo and Tena-Flores 2000). There arc 34 species native to Australia 
and three species naturalised. 

Since Blake (1939) published his revision of Australian species, there has been much 
greater access to tropical regions for fieldwork and, as a result, four new species in 
Eleocharis subgenus Limnochloa (P.Beauv. ex T.Lestib.) Torr. (previously known as series 
Mutatae Svenson) are here recognised. Some of that fieldwork has been undertaken by 
me over the last thirty years, often in company with my late colleague Dr Surrey Jacobs, 
who developed an encyclopedic knowledge of Australia’s wetland plants, grasses and 
chenopods over four decades. I have great pleasure in naming one of the new species 
after him. 

These four new species all belong to the informal Clade A in Hincldiff and Roalson’s 
phylogenetic molecular analysis of subgenus Limnochloa (2009). Further discussion of 
these and the other Australasian species in this genus is included in another manuscript 
currently being prepared. 
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The four species share the features common to all species in this genus: the leaves are 
reduced to basal sheaths; the inflorescence is reduced to a single spikclet; and the style- 
base is persistent on the achene, which has a number of perianth bristles persistent 
around its base (Fig 1). As in all members of subgenus Limnochloa, the glumes (floral 
bracts) have numerous fine longitudinal nerves on their sides as well as the central mid¬ 
nerve, which is often not distinct abaxially but is more distinct on the adaxial surface. 

The culms of these four species differ in their internal structure. The central part 
of the culm in three species is pluritubulose , i.e. with several to many longitudinal 
septa, each with small cross-septa. When such culms are dried, these partial 
transverse septa are commonly not obvious externally. Such culms are described by 
Cowie (2000, fig. 58) and Hinchliff and Roalson (2009) as spongy with an extensive 
network of incomplete transverse and longitudinal septa. The fourth species, 
E. jacobsiana, has unitubulose culms, i.e. there are complete transverse septa running 
right across the internal diameter of the culm but without any subdividing longitudinal 
septa (as found in, e.g., E. sphacelate! R.Br.), but this new species also has a single 
vascular strand running longitudinally down the centre of the culm. This corresponds 
to Cowie and Hinchliff and Roalson’s transversely septate culm with a central vascular 
bundle, and is very unusual in the genus. The only other species with a structure 
like this is the Guayanan species E. endounifascis, recently described by Hinchliff 
et al. (2010). The terms ‘pluritubulose’ and‘unitubulose’have not been used to describe 
sedge morphology before but have frequently been used to describe the similar internal 



Fig. 1 . Achene and perianth bristles of: a, Eleocharisjacobsiana (K.L. Wilson 5166); b, Eleocharis 
rivalis ( K.L Wilson 7309); c, Eleocharis sanguinolenta ( K.L Wilson 4841) and d, Eleocharis 
triquetra (K.L. Wilson 5245) with reduced perianth bristles. 
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structure of the culms of so-called septate Juticus species (e.g., by Buchenau (1890), 
Snogerup (1980), Fernandez-Carvajal et al. (1989, figs 44-47), Wilson et al. (1993), 
Kirschner (2002, fig. 36)). 

Tubers are infrequently collected with specimens of Eleocharis. It is not clear whether 
this is because they arc produced by only a few species, perhaps only in certain habitats 
or under certain growth conditions, or because the tubers are delicately attached to the 
plant and therefore readily broken off when collections are made. I have seen them in 
the Northern Territory in E. dulcis (Burm.f.) Trin. ex Henschel, E. sundaica J.H.Kern 
and E. jacobsiatia. 


Description of new species 

Eleocharis jacobsiatia K.L. Wilson, sp. tiov. 

A speciebus omnibus australiensibus subgeneris Limnochloae culmis transversaliter 
septatis, filamento vasculari singulari longitudinale centrali, differt. 

Type: Northern Territory: Darwin 8< Gulf: Leachs Lagoon, c. 45 km S of Katherine, S of 
King River, K.L Wilson 7541 & S.W.L. Jacobs, 6 Jun 1987; holo NSW 196818; iso DNA, 
NSW 867244. Figure 2. 

Slender annual or perennial, with slender stolons and occasional small tubers to 
c. 5 mm diam., frequently with numerous filiform sterile culms to c. 25 cm long. Fertile 
culms erect, tufted, terete, yellow-green, unitubulose with numerous transverse septa 
but only 1 delicate longitudinal vascular strand (easily broken and therefore often 
overlooked when the culm is split), smooth or with transverse septa faintly visible 
when dry, 40-80 cm high, 0.8-2.2 mm diam. Upper leaf sheath green to pale yellow- 
brown, membranous, very fragile so ripping easily, with strongly oblique apex not 
differently coloured or thickened, tight around the culm. Spikclct more or less terete 
in cross-section, from slightly narrower to slightly broader in diameter than the culm, 
1.2-2.0 cm long, 1.5-2.0 mm diam. Glumes numerous, striate, with a fairly indistinct 
midnerve abaxially, flat to slightly concave when dry, apex broad-acute to acute, with 
hyaline margin c. 0.2 mm wide, pale yellow-brown, 3.3-4.0 mm long, 1.4-2.0 mm 
wide; exposed portion of glume longer than broad, 1.5-3 mm long. Perianth bristles 
4-7, subequal in length, V s -A as long as achcne body or occasionally equalling it, pale 
brown, with weak retrorse setae. Stamens 3, occasionally 2; anthers (excluding apical 
appendage) 1.1-1.8 mm long; appendage no more than 0.1 mm long. Style 2-3-fid; 
persistent style-base flattened, long-triangular, A-A as long as achene, 'A-A as wide 
as achene. Achene rarely produced, biconvex, narrow-obovate to broad-obovate in 
outline, margins not ribbed, without a distinct neck but with an upturned horizontal 
annulus, achene pale yellow-brown to very dark brown, 1.3-1.6 mm long, 1.0-1.2 mm 
diam., epidermal cells minutely transversely linear-oblong, in 15-18 more or less well- 
defined columns. Figure la. 

Distribution and ecology: widespread in the wet/dry tropics of northern Australia; 
from the western Kimberley region of Western Australia, to the Victoria River Region, 
the northern Tanami (Ian Cowie, pers. comm.) and the Darwin and Gulf Region 
of the Northern Territory. There is one specimen from near Wcipa on Cape York in 
Queensland; it is immature and vegetative but has the characteristic culm structure and 
numerous filiform culms of this taxon. Figure 3. 
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Fig. 2. Holotype of Eleocharis jacobsiana. 
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In clcarwater 5-100 cm deep in small streams (commonly plants are mostly submerged 
and with numerous slender sterile culms present) and in seasonally drier situations 
around billabongs and in swamps, in sandy or silty soil. It has been collected with or 
near E. brassii S.T.Blake, E. dulds, E. nuclei C.B.Clarke, E. rivalis, and E. sundaica. 

Notes: the type specimen is over-mature, collected from a rapidly drying lagoon, but 
it is considered to be the best choice for type since it has both fruit and tubers whereas 
nearly all other specimens, while being in much better condition, are either sterile or 
have immature spikelets and lack tubers. 

1 his taxon was referred to as'Eleocharis (Coonjimba Billabong entity)’ by Cowie (2000, 
fig. 58) and Hinchliff and Roalson (2009). 

It is unique amongst Australian species of subgenus Limnochloa in having unitubulose 
culms as well as a single vascular strand running longitudinally down the centre of the 
culm. The only other species like this, the Guayanan species E. endounifasds, falls in 
Clade B in the analysis by Hinchliff et al. (2010), suggesting that the culm structure has 
evolved independently in these two species. 

E. jacobsiana is similar to E. ochrostachys Steud. and E. inula in having slender, terete 
culms but it differs from both in its internal culm structure and in achene and 
perianth bristle features. Also, its glumes have a narrower hyaline margin than those of 
E. ochrostachys. Slender plants of E. dulcis may look superficially similar to E. jacobsiana, 
but their unitubulose culms lack the single longitudinal strand down the centre of the 
culm. 



Fig. 3. Distribution of Eleocharis jacobsiana in Australia. 
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Etymology: the species is named in honour of my late colleague Dr Surrey Wilfrid 
Laurence Jacobs (1946-2009), who contributed so much during his career to knowledge 
of the systematics and phylogeny of Australian waterplants, grasses and chcnopods. 
With our common interest in plants growing in wet places, Surrey and I undertook 
numerous field trips together, including the one on which the types of this species and 
E. rivalis were collected. 

Selected specimens examined: Western Australia: Dumpier: ‘Meda’, E of Derby, S.W.L. Jacobs 
4280, 26 May 1982 (NSW). Fitzgerald: ‘Gibb River’ - Wyndham road, S.W.L Jacobs 4415, 4 Jun 
1982 (NSW); c. 13 km SE of ‘Kimbalton’ Homestead, Oobagooma road, S.W.L Jacobs 5745 & 
P.G. Wilson, 26 May 1988 (NSW). 

Northern Territory: Darwin & Gulf: Nitmiluk National Park, near source of Fergusson River, 

I. D. Cowie 9545 & A. Gibbons, 28 Mar 2002 (DNA, NSW); Sturt Plateau, Wyworrie Station, SW 
of Mataranka, I.D. Cowie 9339, 31 May 2001 (DNA, NSW); Katherine Gorge National Park, L 
Craven 6731, 7 Apr 1981 (CANB, DNA); Wurrmalmirr Creek, Elcho Island, P.K. Latz6112, 5 July 
1975 (DNA); Winmurra Billabong, N.T. Sanderson s.n., 2 Apr 1980 (NSW284832, NSW284833), 

J. T. Waterhouse 10142, 20 Jun 1980 (NSW); 12 km NE of Gunn Point road on track to Melacca 
Swamp, K.L Wilson 5084, 3 May 1983 (NSW); Kakadu Highway crossing of Nourlangic Creek, 

K. L. Wilson 7419, 26 May 1987 (NSW); Wirnmuyurr [Winmurra] Billabong, Jabiluka Lease, 
K.L Wilson 7459, 29 May 1987 (NSW); Knuckeys Lagoon, Berrimah, K.L Wilson 7491, I Jun 
1987 (NSW196758); Dry Lake, Wagait Reserve, K.L Wilson 7510, 3 June 1987 (NSW); Katherine 
Gorge, above Lily Pond, K.L Wilson 7532, 5 Jun 1987 (NSW). Victoria River: Bradshaw Field 
Training Area, headwaters of Little Fitzmaurice River, I.D. Cowie & B.M. Stuckey 11538, 3 Apr 
2007 (DNA, NSW). 

Queensland: Cook: Botchct Swamp, near Weipa, B. Herbert s.n., 24 Sep 1994 (NSW 367034). 

Eleocharis rivalis K.L.Wilson, sp. nov. 

Ab spcciebus omnibus australiensibus gracilibus subgeneris Limnochloae culmis 
teretibus pluritubulosis, culmis sterilibus filiformibus deficientibus, collo achenii brevi 
sed manifesto, cellulis epidermalibus achenii isodiametricis, setis perigonialibus quam 
acheniis brevioribus, differt. 

Type: NORTHERN TERRITORY: Darwin & Gulf: Georgetown Billabong, Magela 
Creek, E of Ranger Mine, K.L. Wilson 7324, S.W.L.. Jacobs & G.R. Sainty, 21 May 1987; 
holo NSW 206416; iso DNA, K. Figure 4. 

Slender annual or perennial with slender stolons, without tubers so far as known. Culms 
erect, tufted, terete, mid-yellow-green, plurilubulose (but with only a few longitudinal 
strands), smooth or with incomplete transverse septa occasionally faintly visible when 
dry, 20-50 cm high, 0.5-1.2 mm diam. Upper leaf sheath membranous, more or less 
tight around the culm (looser near apex), pale brown above, reddish towards base, 
with strongly oblique apex not thickened or differently coloured. Spikelct more or less 
terete in cross-section, as broad as to slightly broader than the culm, 1.0-2.0 cm long, 
1.3-2.0 mm diam. Glumes numerous, striate, with a fairly distinct midnerve, flat to 
slightly convex when dry, apex broad-acute to acute, with broad hyaline margin widest 
near apex (0.2-0.5 mm wide), pale yellow-brown, 2.5-3.6 mm long, 1.2-1.7(-2.0) mm 
broad; exposed portion of glume longer than broad, 2-4 mm long. 

Perianth bristles 6 or 7, usually 3 shorter than the rest, 3 A- 2 times as long as the achcne 
body, pale yellow-brown, with regularly retrorse setae. Stamens 2; anthers (excluding 
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apical appendage) 0.3-1.1 mm long; appendage no more than 0.1 mm long. Style 2-fid; 
persistent style-base flattened, triangular, {'A-)'Ar- 2 A as long as achene, Zz-% as broad 
as achene. Achene biconvex, obovate in outline, margins ribbed, with short but distinct 
neck and with the annulus horizontal and upturned, achene yellow-brown to red- 
brown, 1.2-1.8 mm long, 0.9-1.3 mm diam., epidermal cells isodiamctric, pitted, in 
12—18 more or less distinct columns. Figure lb. 

Distribution and ecology; Kimberley Region of Western Australia, Victoria River and 
Darwin and Gulf Regions of Northern Territory, and the Cook Region of Queensland. 
It may occur in northwestern Queensland. Figure 5. 

Grows in and around streams and billabongs, on sandy soil; often found partly 
submerged in clear, running water to about 15 cm depth in shallow streams with just 
the upper culms and spikelcts floating on the surface. The specimen KLW 7309, for 
example, was collected from the water of Barramundie Creek while KLW 7310 was 
growing on the bank of the stream. It has been collected growing with E. jacobsiana 
and E. ochrostachys Steud., usually along small, clear streams associated with sandstone 
gorges. It differs from E. jacobsiana in having slightly more robust, pluritubulose culms 
- commonly with only 2 or 3 longitudinal vascular strands - whereas E. jacobsiana has 
unitubulose culms with a single central vascular strand. It does not seem to develop 
the numerous filiform sterile culms seen in E. jacobsiana. It differs from E. ochrostachys 
most obviously in the shape of the epidermal cells on the achene: isodiamctric, versus 
strongly transversely linear-oblong in E. ochrostachys. 

Notes: referred to as ‘ Eleocharis sp. A’ by Rye (1992; fig. 310M), as Eleocharis sp. A 
Kimberley Flora (W.V.Fitzgerald 1038)’on the FloraBase website (http://florabase.dec. 
wa.gov.au; accessed 17 October 2010), and as ‘ Eleocharis (Nourlangie Creek entity)’ by 
Cowic (2000, fig. 58) and Hinchliff and Roalson (2009). 

This species differs from all of the other relatively slender Australian species in subgenus 
Limnochloa by the following combination of characers: terete, pluritubulose culms; 
sterile filiform culms absent; an achene with a short but distinct neck and with the 
epidermal cells isodiamctric; perianth bristles shorter than the body of the achene. 

The sister taxon to E. rivalis in the molecular analysis by Hinchliff and Roalson (2009; 
named there as E. sp. ‘Nourlangie Creek entity’) is E. sanguinolenta (there named as 
Eleocharis sp. ‘Beatrice Hill entity’). This is somewhat unexpected since these two 
species arc not particularly similar morphologically: E. rivalis is a slender species with 
pale green to pale yellow-brown glumes whereas E. sanguinolenta is a robust species 
with conspicuous reddish glumes. Perianth bristle and achene features also differ. 

These two species group at the next level in the molecular analysis with £. nuda 
C.B.Clarke, E. sp. aJJ. nuda (refers to E. keigheryi; Eric Roalson, pers. comm.), 
E. triquetra (as E. sp. ‘Lansen Creek entity’ there) and E. brassii as part of Clade A. The 
first three of these species are relatively slender like E. rivalis, while E. brassii is more 
robust. E. rivalis differs most obviously from E. triquetra in culm cross-section (terete 
in the former, triquetrous and slightly winged in the former). It differs from £. nuda in 
bristle and achene features. 

The internal culm structure of very slender culms of £. rivalis may be hard to distinguish 
from slender culms of E. jacobsiana, but the species are clearly distinguishable on other 
features such as the glumes, bristles and achenes. 


302 


Telopeal3(1—2): 2011 


Wilson 



h y-aryyg 

" NATIONAL HERBARIUM OF N.S.W. 
Lleockarls rivalit K.L Wilson 
DCT. (CL. Wilson Jul vm 


NATIONAL 11ERBARII M OK MAN SOUTH WALES (NSW) 
M*>*l kauato C»f4<«*v %*»«•? 

Ekochflri* fiwBt KL. Wilson 

Del.: (C L. Wilson 19W 

CYWRACEAt 

Lnc.t (icoreciow BlUatm*. M**cW Cietk, £ of R*»S« 
Mine 

AUSTRALIA NT D*n»«n .fc Ciuir 
Ui. 17*41*$ Lon* HWVE Ah.: 

CoR.; K.L. Wibai BKS.W I Jsimto A « »<- 8» fa, Y 

Date: 21 M«v IV»7 t , ' 

NolMf Hiltabon* with fringing Melaleucas. Bleochans <lnKlt 
am) Nympliwas ia tfsMf. 

in OT*n »fcm to ten mMi >'««. Him At 

n.wntwni nnd ..f i-.iuin'ns. “I'a* « mrv*t lo a MW.Jy 

Kith ...mmnJ n S .oooJLtf.l. AW C>l*™ tMfXft < 
hokwlwnn,... C.h+m. C ««'“>. C «**. k.mbm!j.i» 
rienudnU 

Dup*. In: , / ./i ,. .' 


KSW20MI« 


NSW 


Fig- 4. Holotype of Eleocharis rivalis. 
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E. rivalis has been compared by me and others (see, for example. Rye 1992) to 
E. variegata (Poir.) Presl, which is a rather variable species of similar size widespread in 
Africa and South and SE Asia (Kern 1974). It differs from that species most obviously 
in features of the achene. The achenes are about the same size but the persistent style- 
base is slightly larger in E. rivalis. The achene has a short but obvious neck in E. rivalis 
with the annulus above that thickened and obvious, whereas in E. variegata the achene 
has no neck and the annulus is a thin line. The surface of the achene in E. rivalis has the 
epidermal cells pitted and in 12-18 columns, whereas the cells are somewhat larger and 
inflated or convex and in 12-15 columns in E. variegata. 

Etymology: From the Latin adjective rivalis, -e, ‘of a brook’, referring to the common 
occurrence of this species in and beside small running streams. 

Selected specimens examined: Western Australia: Fitzgerald: Traine River, ‘Tableland’ [now 
Yulumbu’], S.W.L. Jacobs 4366, 1 Jun 1982 (NSW). Gardner: 2 km W of Kalumburu, I.D. Cowie 
4245 & C.L. Brubaker, 24 May 1993 (DNA, NSW); Isdell River near Mt Barnett Homestead, W. V. 
Fitzgerald 1038 , Jun 1905 (PERTH); King Edward River, S.W.L. Jacobs 5824 & P.G. Wilson, 1 Jun 
1988 (NSW); Vansittart Bay, SE corner - Pauline Bay, J.H. Willis s.n., 25 May 1984 (MEL); 6 km 
N of Kalumburu on Pago road, K.L. Wilson 10098, 3 Jul 2002 (NSW, NE, PERTH, WS); Black 
Rock Pool, c. 30 km NW of Kununurra on Parry Lagoons road, K.L. Wilson 10144, 6 Jul 2002 
(NSW, PERTH); Augustus Island, Bonaparte Archipelago, P.G. Wilson with [sicj 10873, 18 May 
1972 (PERTH). 

Northern Territory: Darwin & Gulf: About SSE of Adelaide River, S.T. Blake 16457, 13 Jul 
1946 (BRI, NSW); about SSE of mouth of Daly River, S.T. Blake 16607, 24 Jul 1947 (BRI); N 
of Nutwood Downs HS„ at Flick Waterhole, S.T. Blake 17574, 1 May 1947 (BRI); Delamere 
Station, l.D. Cowie 9164 & C.R. Michell, 2 May 2001 (DNA, NSW); Gimbat Creek, C.R. Dunlop 
7124 & P.E Munns, 24 Oct 1987 (DNA, MEL, NSW); Edith Falls, P.K. Latz 3106, 3 Jul 1972 
(DNA, BRI, CANB); c. 40 km SSW of Nathan River Homestead, P.K. Latz 10153, 28 Aug 1985 
(NSW, NT); Vanderlin Island, P.K. Latz 10698, 22 Jul 1988 (DNA, NSW); Fitzmaurice River 
headwaters, P.K. Latz 13849, 12 May 1994 (DNA, NSW); c. 35 miles [56.3 km] NNE of Pine 
Creek township, M. Lazarides221 & L. Adams, 13 Mar 1965 (CANB, BRI, E, K, L, NSW, NT, US); 
66 km from Pine Creek, on road to Jabiru, G.J. Leach 536, 5 Mar 1985 (DNA, NSW); Kakadu 
National Park, Birdie Creek, G.J. Leach 2734 & I.D. Cowie, 18 Apr 1990 (DNA, NSW 284819); 
Hades Flat Meteorological Station, c. 4 km SSE of Ja Ja Camp, K.L. Wilson 5160 &N. Sanderson , 



Fig. 5. Distribution of Eleocharis rivalis in northern Australia. 
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6 May 1983 (NSW); Plumtree Creek, 3 km SW of South Alligator crossing on Pine Creek - 
El Sharana road, K.L. Wilson 5248, 9 May 1983 (NSW); Gulungul Creek, road between Jabiru 
and East Jabiru, K.L. Wilson 7218, 15 May 1987 (NSW); Barramundie Gorge, K.L Wilson 7300, 
20 May 1987 (NSW); Magda Creek, c. 2 km downstream from Gulungul Billabong, K.L Wilson 
7353, 22 May 1987 (NSW); Katherine Gorge National Park, Katherine Gorge, above Lily Pond, 
K.L Wilson 7531, 5 Jun 1987 (NSW). 

Queensland: Cook: Laura Station, N. Byrnes 3450, 21 May 1975 (BR1). 

Eleocharis sanguinolenta K.L.Wilson, sp. nov. 

Ab£. hrassiz glumis sanguineisapicem versus plus minusve plants, habitu robustiore, setis 
perigonialibus quam acheniis longioribus, differt. Ab E. snndaica glumis longioribus, 
minus obtusis, minus confertis, cellulis epidermalibus achenii isodiametris vel parum 
transverse elongatis, differt. 

Type: Northern Territory: Darwin & Gulf: ‘Kapalga’ Landing, K.L. Wilson 5135, 5 May 
1983; holo NSW 267685; iso BRI, DNA, K, MO, PERTH. Figure 6. 

Robust perennial, with slender stolons, without tubers so far as known. Culms 
erect, tufted, terete, tend to be flattened when dry, mid-yellow-grcen, pluritubulose, 
35—90(—150) cm high, 3.5-7 mm diam. Upper leaf sheath membranous, very pale 
brown above, dark red-brown towards base, with strongly oblique apex not thickened 
or differently coloured. Spikelet terete or slightly angular in cross-section, as broad as to 
slightly broader than the culm, 2-5 cm long, 4-7 mm diam. Glumes numerous, striate, 
with a fairly distinct midnerve, with apex broad-acute to obtuse, flat to slightly convex 
when dry, red-brown above, pale yellow-brown below at maturity, often with a darker 
red line just inside the narrow (0.2-0.3 mm wide) hyaline margin, 4.5-5.5 mm long, 
(2.0—)2.5—3.5 mm broad; exposed portion of glume longer than broad or as long as 
broad, 2-3.5 mm long. Perianth bristles 6 or 7, of about equal length, 1.2-1.5 times as 
long as achene body, brown, with inflated and blunt irregularly retrorsc setae. Stamens 
3; anthers (excluding apical appendage) 1.0—3.0 mm long; appendage no more than 
0.1 mm long. Style 2-fid; persistent style-base flattened, triangular, Vj-Va as long as 
achene, %-% as broad as achene. Achene biconvex, broad-elliptical to broad-obovate 
in outline, margins not ribbed, without a distinct neck or sometimes a very short one 
and with the annulus a thickened band upturned at the margins and convex centrally, 
achene grey green to very dark brown, 1.5—2.0 mm long, 1.2—1.8 mm diam., epidermal 
cells often isodiametric at centre of a face but otherwise shortly transversely elongated, 
thin-walled, slightly pitted, in 18-22 well-defined columns. Figure lc 

Distribution and ecology: known from the wet/dry tropics of Australia; from the 
eastern part of the Kimberley Region of Western Australia, east to Victoria River and 
Darwin and Gulf Regions of the Northern Territory and the Burke and Cook botanical 
Regions of Queensland. It could possibly also occur in Papua New Guinea and adjoining 
regions of Indonesia, as does E. sundaica. Figure 7. 

In billabongs, floodplains and swamps, to a depth of at least 40 cm (water depth is 
commonly not recorded, particularly not the maximum depth at which a species is 
growing at the height of the Wet Season), usually in clayey soils. It often grows with 
or near E. dulcis, E. sphacelata and E. sundaica on floodplains, either as a mosaic or 
in zones based on water depth. On the South Alligator River floodplain at Kapalga, 
for example, I found E. dulcis (specimen KLW 5133) growing in slightly deeper water 
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than E. sanguinolenta ( KI.W 5135) and E. sundaica (KLW 5134). I am not aware of any 
detailed studies of the ecology and habitat preferences of these species, but Ian Cowie 
(pers. comm.) confirms my observations. I have seen this species growing also with 
E. brassii, E. spiralis (Rottb.) Roem. & Schult. and E. triquetra. 

Notes: This species was referred to as ‘Eleocharis sp. B’ in Rye (1992; fig. 310N), as 
‘Eleocharis sp. B Kimberley Flora (K.R Kenncally 8727)’ on the FloraBase website 
(http://florabase.dec.wa.gov.au; accessed 17 October 2010), and as ‘Eleocharis (Beatrice 
Hill entity)’ in Cowie (2000, fig. 58) and Hinchliff and Roalson (2009). Specimens of 
this have often been labelled as ‘E. sp. aff. brassii' by me and others in herbaria. 

The species is unusual amongst the Australian species in subgenus Limnochloa in having 
reddish glumes (at least near the apex), with a narrow darker band near the apex close 
to the hyaline margin. It differs from the only other species here with reddish glumes, 
E. sundaica, in having longer glumes that are less densely packed so that the exposed 
portion of the glumes is longer than broad, while the opposite is true for E. sundaica. 
This gives the spikelets a very different appearance. In addition, the new species has a 
different achene surface (epidermal cell outlines being isodiametric or shortly elongated 
transversely versus markedly and minutely transversely linear-oblong in E. sundaica) 
and does not produce small tubers so far as known, whereas E. sundaica commonly 
produces them. A good field difference is that the culms of E. sanguinolenta are more 
easily compressed between the fingers than those of E. sundaica. 

It has often been referred to as‘£. sp. aff. brassii’, perhaps mostly because of the similar 
shape and surface patterns of the achenes of this species and E. brassii, but other 
morphological features are not particularly similar and there is probably no close 
relationship to that species. Indeed, the sister taxon to E. sanguinolenta in the molecular 
analysis by I linchliff and Roalson (2009; there named as Eleocharis sp. ‘Beatrice Hill 
entity’) is neither E. brassii nor E. sundaica but rather the new species E. rivalis (named 
there as E. sp. ‘Nourlangie Creek entity’). That is a slender species easily separable 
morphologically from E. sanguinolenta on size and achene features (the surface and the 
presence of an obvious neck). 

E. sanguinolenta and E. rivalis group at the next level with E. nuda, E. sp. aff. nuda (this 
is referable to E. keigheryi K.L.Wilson; Eric Roalson pers. comm.), E. triquetra (E. sp. 
‘Lansen Creek entity’ there) and E. brassii. The first three of these species are much 
more slender than E. sanguinolenta and therefore not be confused with it. It differs from 
E. brassii in being somewhat more robust, and in having glumes that arc often flatter at 
maturity than the greenish to pale yellow-brown glumes of E. brassii. The shape of the 
glumes contributes to the more terete cross-section of the new species compared to the 
rather angular appearance of E. brassii because of the more folded, protruding glumes 
of E. brassii. The perianth bristles of E. sanguinolenta are usually longer than the body 
of the achene, unlike those of E. brassii, which are usually obviously shorter than the 
body of the achene. 

Etymology: the epithet is from the Latin adjective sanguineus, -a, -urn, ‘blood-red’, and 
the suffix -lens, -lentus, ‘abundant’ or‘prone to’, referring to the well-developed dark red 
colour of the upper part of the glumes. 

Selected specimens examined: Western Australia: Gardner: Parry Lagoons Nature Reserve, l.D. 
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Fig. 6. Holotype of Eleocharis sanguinoletita. 
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Cowie 9582, 1 May 2002 (DNA, NSW, PERTH); Ord River, 30 km NW of Kununurra, K. Paijtnans 
2243, 8 Mar 1978 (CANB, NSW, PERTH); Ord River, 1 km S of Kununurra, K. Paijtnans 2295, 
10 Mar 1978 (CANB, K, NSW); Packsaddle Plain, 1 km SE of Kununurra Diversion Dam, K.L. 
Wilson 4844, 4845, 24 Apr 1983 (NSW); Parker Road, just NE of Spillway Creek bridge, Lake 
Argyle, K.L. Wilson 4892, 26 Apr 1983 (NSW). 

Northern Territory: Darwin 8c Gulf: 16°25'S 134”59'E, S.T. Blake 17630 , 4 May 1947 (BR1); 
Beatrice Hill, 40 miles [64 km] SE Darwin, G.M. Chippendale 7938, 23 Mar 1961 (NT, 
NSW); Kapalga, R. Collins BC429, 28 Apr 1977 (DNA); Finniss River floodplain, I.D. Cowie 
999 & G.J. Leach, 27 Mar 1990 (DNA, CANB, NSW); Reynolds River floodplain, I.D. Cowie 
1076 & B. Wilson, 29 Mar 1990 (DNA, NSW); South Alligator River, Arnhem Highway, C. 
Dunlop 4698, 8 Feb 1978 (DNA, BRI, K, L); Humpty Doo, H.J. Frith s.n., 28 Feb 1956 (NSW 
70376); c. 5 km N of Nathan River Station, G.J. Leach 624, 8 May 1985 (DNA, NT, NSW); 
South Brolga, Tortilla Flat, Upper Adelaide River, A.O. Nicholls 84, Apr 1967 (DNA); Adelaide 
River, Arnhem Highway, M. Rankin 2265, 17 Apr 1980 (DNA, BRI, CANB); off Rookery 
Point, Kapalga, J. Taylor 371, 8 May 1981 (BRI); Wadjclai Billabong, N.B. Tindale s.n., May 
1921 (NSW 24397); just N of South Alligator River bridge on Pine Creek - El Sharana road, 
K.L. Wilson 5244, 9 May 1983 (NSW); near Old Munmariary Abbatoir, K.L. Wilson 7372, 23 
May 1987 (NSW); S of Bullocky Point, towards Kapalga Landing, K.L. Wilson 7441, 7449, 28 
May 1987 (NSW 196706, 267683); Mary River crossing, Arnhem Highway, K.L. Wilson 7481, 
31 May 1987 (NSW). Victoria River: Auvergne Station, King Billabong, Victoria Highway, 
2.5 km W of East Baines River, I.D. Cowie 9594, 3 May 2002 (DNA, NSW); Lower Victoria River, 
F. Mueller (K). 

Queensland: Burke: Magowra Station, L. Craven 4779, 18 July 1977 (CANB); Harris Lake, 9 km 
SE of Burkctown, K.L. Wilson 5573, 20 May 1983 (NSW). Cook: Lakefield National Park, 16 km 
from Jam Tin Creek on track from Bizant to Jane Table I Iill, J.R. Clarkson 6968 & B.K. Simon, 6 
May 1987 (MBA, QRS, NSW); Swan Swamp on the Dunbar to Rutlands Plains road, Cape York 
Mapping site 438 (KOW 4), J.R. Clarkson 9420 6- V.J. Neldner, 20 May 1992 (MBA, NSW); near 
Norman River on Croydon road, K. Paijtnans LAC 4846, 21 Jul 1977 (CANB); Laura River, c. 35 
km N of Laura, in swamp c. 1 km W of river, M. Thorsborne 371, 7 Jun 1977 (BRI). 



Fig. 7. Distribution of Eleocharis sanguinolenta in norhern Australia. 
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Eleocharis triquetra K.L. Wilson, sp. nov. 

E. nuda affinis, sed culmo triquetro semi-alato, setis perigonialibus plcrumque 
persistentibus, glumis antherisque longioribus, differt. 

Type: Northern Territory: Darwin & Gulf: just N of South Alligator River bridge on 
Pine Creek - El Sharana road, K.L Wilson 5245, 9 May 1983; holo NSW 268092; iso: 
DNA, K, NSW 867245, PERTH. Figure 8. 

Slender annual or perennial with slender stolons, without tubers so far as known. 
Culms erect, tufted, sharply triangular, slightly winged on angles, yellow-green, 
pluritubulose, smooth or with incomplete transverse septa faintly visible when 
dry, 30-55(-70) cm high, 1.0-3.0 mm diam. Upper leaf sheath membranous, pale 
brown, often reddish towards base, rarely dark reddish towards apex, with strongly 
oblique apex not thickened or differently coloured. Spikclet terete in cross-section, 
slightly broader to slightly narrower than the culm near the apex, (1,5-)2—5 cm long, 
1.8-2.5 mm diam. Glumes numerous, striate, with midnerve indistinct abaxially, 
more or less concave to flat when dry, with broad-acute to obtuse apex, green to pale 
yellow-brown, occasionally with a darker narrow brown band at the apex, 3.7-4.5 mm 
long, (1.5-)2.0-2.5 mm wide, with broad hyaline margin 0.2-0.4 mm wide, exposed 
portion of glume longer than wide, 3.0-M.0 mm long. Perianth bristles 2-5, subequal 
or 1 or 2 bristles longer, y 6 —i4(-%) as long as achene body, occasionally very reduced 
(c. 0.2 mm long), brown, with or without strongly retrorse setae. Stamens 2; anthers 
(excluding apical appendage) 0.5-1.3 mm long; appendage no more than 0.1 mm long. 
Style 2-fid; persistent style-base flattened, short-triangular, Va-Vi as long as achene, 
14-% as broad as achene, or occasionally very reduced in size. Achene biconvex, more 
or less obpyriform, broad-elliptical to broad-obovate in outline, margins ribbed, with 
short but distinct neck and with the annulus upturned at the margins, achene pale 
yellow-brown to black or grey-brown with blackish pits, 1.3-1.6 mm long, 1.0-1.4 mm 
diam., epidermal cells isodiametric, thin- to thick-walled, in 12-16 more or less regular 
columns, figure Id. 

Distribution and ecology: widespread, but apparently not common anywhere, in 
the Victoria River and Darwin and Gulf Regions of the Northern Territory; known 
from Western Australia by a single specimen from near Kununurra in the eastern 



Fig. 9. Distribution of Eleocharis triquetra in northern Australia. 
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Kimberley. It might also occur in northwestern Queensland around the base of the 
Gulf of Carpentaria. It could possibly occur in adjoining regions of New Guinea and 
Indonesia, as does E. sundaica. Figure 9. 

In seasonally wet situations such as shallow pools and Melaleuca swamps, collected on 
muddy banks or in water to 30 cm deep, in clayey soils. Found growing with E. sundaica 
(.KLW 5011) in the Top End of the Northern Territory, in shallower water than that 
species, and with E. nuda (Cowie 9943). 

Notes: referred to as 'Eleocharis (Lansen Creek entity)’ by Cowie (2000, fig. 58) 
and Hinchliff and Roalson (2009) and as ‘sp. aff. acutangula (S.T. Blake 17630)’ on 
herbarium specimens in DNA. 

It differs from the other relatively slender Australian species in this subgenus in having 
triquetrous, slightly winged culms (terete or 4-5-angled in the other species). The 
other relatively slender, angular-culmed Australian species is E. philippinensis Svenson, 
which has culms that are 4-5-angled in cross-section. E. triquetra further differs from 
E. philippinensis in having 2 stamens (3 in the latter), perianth bristles fewer (2-5 in 
the former versus 6-7 in the latter) and much shorter than the achene body (from half 
as long as to equalling the body in the latter), and an achene that has fewer columns 
of cells per face and an annulus that is concave/upturned at the margins (flat in 
E. philippinensis). 

Apart from the culm shape (and the often more robust culms), it is morphologically 
closest to E. nuda. The glumes are larger in E. triquetra (3.5-4.5 mm long and usually 
2.0-2.5 mm wide, versus 3.0-3.8 mm long and 1.5—2.0 mm wide in E. nuda), and the 
anthers are longer in E. triquetra (1.0-1.4 mm long versus 0.2-0.6 mm long in E. nuda). 
The achcncs are similarly more or less obpyriform in shape, but the cell outlines on 
the surface are mostly thinner-walled in E. triquetra, while the perianth bristles arc 
persistent and short (reduced to about 0.2 mm occasionally) or rarely deciduous (e.g., 
in Cowie 9942), whereas in E. nuda they are nearly always very reduced and deciduous 
at a very early stage. These morphological differences are not great, but there arc no 
clear geographic or habitat differences to suggest that the new taxon might better be 
treated as a subspecies of E. nuda. Their ranges overlap in the Northern Territory, and 
they have been collected in the same locality at least once (Cowie 9942 and 9943, from 
a seasonal lagoon on Cave Creek Station). 

It has been named on some specimen labels as ‘sp. aff. acutangula' but its resemblance 
to the slightly more robust E. acutangula (Rox.) Schult. is superficial, based on both 
having triquetrous, more or less winged culms. The two species differ in all other 
significant features. 

It groups with E. nuda, E. sp. aff. nuda (referable to E. keigheryi; Eric Roalson pers. 
comm.) and E. hrassii in the analysis by Hinchliff and Roalson (2009), but the 
relationships are less resolved than others in the study. It differs from E. brassii in being 
less robust than that species as well as differing in glume, bristle and achene features. It 
differs from £. keigheryi, a relatively slender species from southwestern Australia, most 
obviously in the epidermal cell outlines on the achene: isodiametric in E. triquetra and 
transversely linear-oblong in E. keigheryi. 

Etymology: from the Latin adjective triquetrus, -a, -um, sharply three-angled, referring 
to the cross-sectional shape of the culms, which are sharply angled and slightly winged 
on the angles. 
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Selected specimens examined: Western Australia: Fitzgerald: c. 4 km N of Napier Range on 
Gibb River road, K.L. Wilson 10068, 28 Jun 2002 (NSW, PERTH). Gardner: East Packsaddle 
Swamp, Kununurra, K. Brennan s.n., 24 Mar 1980 (NSW 268086). 

Northern Territory: Darwin & Gulf: Kapalga, II. Collins 429, 28 Apr 1977 (DNA); 16°25'S 134° 
59'E, S.T. Blake 17630, 4 May 1947 (BR1); Cave Creek Station, lagoon 5.2 km SW of Moray Hill, 
l.D. Cowic 9942, 21 Mar 2003 (DNA, BRI, NSW); Limmen National Park, c. 4 km NW of Cox 
River crossing, l.D. Cowie 11984, 20 Apr 2008 (DNA, NSW); Bing Bong Station, P.K. Latz 1481, 
7 Jun 1971 (NSW); c. 5 km N of Nathan River Station, G./. Leach 612, 8 May 1985 (DNA, NT, 
BRI, CANB, L, MO, NSW); 20 km W along Arnhem Highway from Oenpelli road turnoff, N.T. 
Sanderson s.n., 7 May 1981 (UNSW, NSW 268087, 268088); Douglas Hot Springs Nature Park, 
K.L. Wilson 4998, 29 Apr 1983 (NSW); 17.5 km SW of old Stuart Highway on Oolloo road, K.L. 
Wilson 5012,29 Apr 1983 (NSW). Victoria River: Victoria Highway, 16.5 km W of Timber Creek 
Police Station, l.D. Cowie 9599, 3 May 2002 (DNA, NSW). 
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Abstract 

Camphorosmeae (Chenopodiaceae, formerly Sclerolaeneae) are widespread across all states of 
Australia. Molecular data revealed that the Australian Camphorosmeae represent a monophyletic 
lineage comprising 147 currently recognised species, 145 of which are endemic to Australia. 
Like their Eurasian relatives most Australian Camphorosmeae are well-adapted to dry and 
saline environments, and most species arc distributed in semi-arid or arid landscapes of the 
Eremaean area of central and western Australia. The historical biogeography of the Australian 
Camphorosmeae is analysed using an ETS phylogeny of the group and DIVA. We found that 
diversification of the tribe started at the end of the Miocene, and that radiation took place 
during the Pliocene, probably driven by the aridification of Australia during this time. Southern 
west Australia probably served as the ancestral area, and we hypothesise that the ancestors of 
Australian Camphorosmeae were already adapted to dry and saline conditions and might have 
been distributed in coastal or saline inland habitats. Successful dispersal and establishment of 
Camphorosmeae in the then newly developed arid regions was probably enhanced by niche 
pre-emption. Our timing of the radiation of this drought-adapted lineage and the directions 
of its dispersal support the hypothesis that the aridification of Australia started during the Late 
Miocene and arid areas expanded during the Pliocene from the west to the east and then north. 


Introduction 

Camphorosmeae are the only tribe of Camphorosmoideae (Chenopodiaceae), a 
subfamily most closely related to Salsoloideac (Akhani et al. 2007, Kadereit & Freitag 
2011). 'flic tribe comprises 147 Australian species in 12 endemic and 2 introduced 
genera, and c. 35 extra-Australian species in 8 genera (Kadereit 8c Freitag 2011). Outside 


1 Deceased November 26, 2009. 
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Australia, Camphorosmeae are distributed in southwestern Europe and northwestern 
Africa through the Mediterranean area and north Africa to eastern Asia. A few species 
also occur in South Africa and North America. 

Camphorosmeae is the most diverse tribe of Chenopodiaceae in Australia. The genera 
Sclerolaena (64 spp.) and Maireana (57 spp.), together with Atriplex (57 native, 56 of 
which are endemic, and 4 introduced spp.; Chenopodioideae), contain nearly 60% of 
the native species of Chenopodiaceae found in Australia (Wilson 1984). The degree 
of endemism of Camphorosmeae is 99% compared to 80% for Australian species in 
general (Crisp et al. 1999). Taxa of the tribe, although mainly adapted to arid and 
semi-arid conditions of the Eremaean area of central and western Australia, are present 
in all major areas of endemism sensu Crisp et al. (1999). Several species are salt or 
gypsum tolerant and their occurrence is linked to inland salt lakes. Some species extend 
into agricultural lands and coastal habitats where they tolerate slightly saline soils. 
Furthermore, species distribution varies significantly. For example, Roycea spinescens is 
restricted to saline sand and sandy clay areas from Morawa south to Merredin, Western 
Australia, while the widespread species Enchylaena tomentosa occurs throughout 
Australia and extends beyond the continent to New Caledonia. 

Recent molecular studies clearly support the monophyly of Camphorosmeae (Akhani 
et al. 2007, Kadereit et al. 2003, Kadereit 8< Freitag 2011) as well as the monophyly of the 
Australian genera (Cabrera et al. 2009, Kadereit et al. 2005). The origin of the Australian 
Camphorosmeae has been dated to the Fate Miocene (8.1—3.6 mya, Kadereit et al. 2005) 
and to the Middle Miocene (16.4-10.3 mya; Kadereit 8c Freitag 2010), with a small clade 
of three annual species, Kochin melanoptera, K. krylovii and Bassia dasyphylla, distributed 
in Central Asia, being sister to the Australian lineage. These three Asian species are 
similar to the Australian species in performing C,-photosynthesis and showing a 
C 3 -sclerolaenoid leaf structure, in contrast to the majority of Eurasian species which 
arc C 4 -plants (Cabrera et al. 2009). A new genus, viz. Grubovia Freitag 8c G.Kadereit was 
recently erected to accommodate these three species (Kadereit 8c Freitag 2011). 

In a detailed phylogenetic and morphological study of Australian Camphorosmeae, 
Cabrera et al. (2009) found that the lineage represents a young group with a large 
number of morphologically very similar species. Several of the smaller genera are 
nested within Sclerolaena, and the large genus Maireana was found to be polyphyletic. 
The morphological delimitation of genera turned out to be extremely difficult due to 
the lack of phylogenetically informative characters that support deeper branches. The 
only informative character that delimits certain cladcs seems to be the morphology 
of the fruiting perianth (Cabrera et al. 2009). This lack of diagnostic characters at the 
generic level had already been recognised by Wilson (1984). 

Sixty-five to 70 percent of the Australian continental land mass comprises a vast arid 
centre surrounded by an enormous semi-arid region (AUSLIG 1990, Barlow 1981). As 
much as 50% of the entire land receives effective rainfall of less than 300 millimetres 
per year (BOM 2010), and the whole region suffers from major irregular and 
periodic seasonal droughts (Hobbs el al. 1998, Nix 1981). Rainfall is the all-dominant 
environmental factor for most of the continent (Keasl 1959). This was dilferent at the 
beginning of the Tertiary when Australia had much higher levels of rainfall and was 
dominated by warm to temperate rainforests (Hill et al. 1999). The onset and direction 
of aridification in Australia has been under debate for a long time and several hypotheses 
have been developed (Beard 1977; Bowler 1976, 1982; Burbidge 1960; Frakes 1999; 
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Markgraf et al. 1995; Martin 1978, 1998a; Quilty 1982; Stein & Robert 1986; Zheng et 
al. 1998). Summarising geological and fossil evidence, Martin (2006) points out that by 
the Middle Miocene the climate in central Australia had changed to a seasonal climate 
with a well-marked hot season with high evaporation, and that in central and Western 
Australia the regular How of palaeodrainage systems had stopped. These events mark 
the onset and expansion of arid landscapes in Australia. It is likely that the onset of 
aridity started earlier in the north-west than in the south-east (Martin & McMinn 
1994, Martin 1998a). During the Late Miocene, central Australia became more and 
more arid and dry woodlands and chenopod shrublands became major vegetation 
types (Martin 2006). Large quantities of the chenopod pollen type have been found 
in central Australia from the Pliocene onwards (Bcnbow et al. 1995, Martin 1998b, 
Singh &. Luly 1991). After a slightly wetter and warmer period at the beginning of 
the Pliocene, the climate has become gradually drier. From the late Miocene onwards, 
regular fires became a vegetation-shaping factor which favoured the expansion of 
grasslands, especially during the Late Pliocene (Martin 2006). 

In this contribution, the historical biogeography of Camphorosmeae is used to give 
support to current hypotheses on the timing of the aridification of Australia during the 
Tertiary. The widespread distribution of the tribe, its suggested stem age, and its habitat 
specialisation is helpful in providing a new source of evidence for the environmental 
evolution of the continent. Ancestral area reconstruction with DIVA is used to provide 
a scenario pertaining to the onset and the direction of desertification. 


Methods 

Phylogenetic inference 

A previous study of the Australian Camphorosmeae based on molecular sequence 
data provided the phylogenetic hypothesis used for the group (Cabrera et al. 2009). 
A matrix containing the 5’ external transcribed spacer region of the nuclear rDNA (5’ 
nrDNA ETS) sequence data from 69 species of the 12 recognised endemic genera of 
Camphorosmeae in Australia and two Central Asian taxa (Bassia clasyphylla and Kochia 
melanoptera) was used. 

Phylogenetic relationships among sampled taxa were estimated using the maximum 
likelihood (ML) optimality algorithm as implemented in PAUPM.OblO (Swofford 
2002). The TVM+I+G model of sequence evolution and parameter settings were 
chosen by using the Akaike information criterion as suggested by Modeltest V3.06 
(Posada & Crandall 1998). 

A likelihood ratio test as implemented in Modeltest was conducted to determine if a 
strict molecular clock can be enforced on the ETS sequence data for the group. In this 
case, the log-likelihood scores of the ML tree with and without enforced molecular 
clocks differed significantly, and a smoothing method was needed to determine the 
age of Camphorosmeae. The ML tree obtained in the absence of a molecular clock 
was subjected to rate smoothing applying the penalised likelihood (PL) approach 
using the computer software r8s vl .70 (Sanderson 2002,2004). An optimal smoothing 
factor was chosen based on a data-driven cross-validation procedure implemented 
in r8s (Sanderson 2004). This smoothing method (Sanderson 1997, 2002) reduces 
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intensions lty o a molecular clock by imposing an autocorrelation among the 
parameters, t a ows one rate lor every branch but then restricts how much difference 
in rate is a owed between branches. Rate smoothing by penalised likelihood 
an c'rson 2002) penalises the parameter estimates of rates by comparing them with 
tieir p y ogenetically immediate neighbours. In the absence of a suitable fossil to 
ca ! rate t e molecular phylogeny of the Australian Camphorosmcae, estimated age 
of the split between the Eurasian and Australian taxa from multiple sequence data was 
used (Kadereit & Freitag 2011). 

Because the ML tree contained multiple zero-length branches, including the three most 
basal clades, separate maximum likelihood analyses on sub-sets of the ETS matrix were 
performed to produce a completely bifurcating tree as required by DIVA. One hundred 
semi-random sub-samples of 28 to 44 taxa were used for the determination of the basal 
clades and the resolution of several polytomies found in the ML tree. The best model 
of sequence evolution for each of the smaller matrices was selected using the Akaikc 
information criterion derived by Modeltest (Posada 8c Crandall 1998). Five taxa were 
always included in the analysis: one outgroup species and a taxon from each of the four 
most basal clades in the ML tree, i.e. Maireana erioclada-M. pentatropis clade, Roycea 
clade, M. brevifolia clade, and M. pyramidata-Eremophea clade. 


DIVA analysis 

Geographical areas were defined based on previously recognised bioregions in Australia 
(Cracraft 1991; Crisp et al. 1995,1999). Distribution information on Camphorosmeae 
was taken from the Flora of Australia (Wilson 1984) and complemented by the study of 
c. 1700 herbarium specimens from PERTH, CANB and NSW (Table 1). 


Table 1. Distribution and species number of the native Australian Camphorosmeae genera in 
Australia within each area of endemism. (A = Kimberley; B = Arnhem; C = Cape York; D = Atherton; 
E = Eastern Queensland; F = McPherson-Macleay; G = Southeastern New South Wales; H = Victoria; I = 
ptif’ ^ = Ac ^. a 'd e ' K = Northern Desert; L = Eastern Desert; M = Southwest; N = Western Desert; O = 
Pilbara). Distribution areas in parentheses are not part of the areas of endemism and were not included in 
the analyses. 


Genera 

Species sampled / Total 

Didymanthus 

1 / 1 

Dissocarpus 

2/4 

Enchylaena 

2/2 

Eremophea 

2/2 

Eriochiton 

1 / 1 

Maireana 

23/57 

Matacocera 

2/4 

Neobassia 

2/2 

Osteocarpum 

2/5 

Roycea 

2/3 

Sclerolaena 

29/64 

Threlkeldia 

1 / 2 


Distribution 

M, N, 0 
I, J, L, M, N, 0 

E, F, G, H, I, J, K, L, M, N, 0 (New Caledonia) 

M, N, 0 

I, J, L, M, N, 0 

A, B, E, F, G, H, I, J, K, L, M, N, 0 

I, J, L, N 

J, K, L, M, N, 0 
I. J, L, N, 0 

M, N 

A, B, C, D, E, F, G, H, I, J, K, L, M, N, O 
H, I, J, K, M, 0 (Tasmania) 
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In order to reconstruct the biogeographical history of Camphorosmeae, dispersal- 
vicariance analysis (DIVA) was performed using DIVA 1.1a (Ronquist 1996, 1997). 
Since vicariance is the default mode of speciation recognised by the program, 
optimisation was conducted with the maximum number of ancestral areas set to two 
to favour dispersal rather than vicariance (Donoghue et al. 2001; Ronquist 1996,1997; 
Zink et al. 2000). This mode of analysis also helps to identify the possible geographical 
distribution of the ancestors of the group (Zink et al. 2000). 


Results 

The cross-validation procedure implemented in the program r8s (Sanderson 2004) 
using the penalised likelihood algorithm resulted in a smoothing value of 100000. The 
penalised likelihood chronogram (i.e. the “smoothed” ML tree) showing the relative 
minimum ages of the Australian Camphorosmeae clades using age estimates for the 
split between the Australian Camphorosmeae and its sister group in Central Asia is 
shown in Fig. 1. The age of the split between the Australian clade from the Central Asian 
clade was dated to 16.4—10.3 mya based on fossil-calibrated age estimates using ndh¥, 
rbcL and atpfi-rbcL spacer sequence data (Kadereit & Freitag 2011). The chronogram in 
Fig. 1 shows that the majority of lineages arose during the Pliocene. By the end of the 
Pliocene c. 1.8 mya, there was a 3.25-fold increase in diversity compared to the diversity 
at the end of the Miocene (based on a pure-birth model). 

Dispersal-vicariance analysis required a completely bifurcating tree. Since the 
maximum likelihood tree was not completely resolved, a modified likelihood tree 
derived from multiple ML analyses of sub-samples of the ETS matrix was used for 
this test (Fig. 2). The robustness of the basal clades and relationships among taxa in 
polytomies was tested by redundant sub-sampling and re-sampling of the accessions. 
The clade containing Maireana erioclada was resolved as the most basal clade in the 
Australian Camphorosmeae in 70% of the replicates. The Maireana brevifolia clade 
was resolved most basal only 16% of the time, and 14% of the total replicates showed 
a basal polytomy. 

Dispersal-vicariance analysis of Camphorosmeae resulted in an exact solution when 
the maxareas option was set to two. This result suggested three alternative ancestral 
distributions for the root of the Australian Camphorosmeae (Fig. 2): (1) the South¬ 
west endemic region, (2) the South-west and the Western Desert regions combined, 
and (3) the South-west and the Pilbara regions. 

DIVA implied an initial eastward range expansion from the Southwest, into the Eastern 
Desert region, followed by the occupation of the central southern coast of the continent 
into the Eyre and Adelaide zones. Further dispersal into the southeastern regions of 
Australia, i.e. into eastern Queensland, McPherson-Maclcay, south-eastern New South 
Wales and Victoria, prior to a northward expansion was also suggested by DIVA 
(Fig. 3). 

The northern tropical regions of Australia did not belong to the possible ancestral areas 
of Camphorosmeae, suggesting that the presence of the plant group in these areas is a 
result of recent dispersal/expansion. 
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Initial diversification of 
Camphorosmeae in Australia . 


Calibration point 



Mairvana coronata 
Sdcrolaena intricata 
Sdcrolaena blackiana 
Sderolaena cuncala 
Sdcrolaena lanicuspis 
Sdcrolaena drvancata 
Sdcrolaena longicuspis 
Sdcrolaena calcarata 

C Sderolaena densitlora 
Sdcrolaena curotioidcs 
Sdcrolaena diacantha 
Sdcrolaena obltquicuspis 
Sdcrolaena patenticu&pis 
Sdcrolaena uniflora 
Sdcrolaena oriacantha 
Sdcrolaena medtcagtirotdes 
Sderolacna tvcurvicuspts 
Sdcrolaena amsacanlhoides 
Sdcrolaena bicomis ssp. bicomis 
Sderolacna bicomis sspi horrida 
Jhfdkddia diffusa 
Sdeiolacna birdui 
Sdcrolaena ramulosa 
Sdcrolaena totmeuspis 
Scknolaena brachyptcra 
Sdcrolaena comoxula 
Sdcrolaena cormshiana 
Sderolaena muncata 
Sdcrolaena pannfhra _ 
Mairvana plalycarpa 
Odeocarpum acroptcwm 
Ostcocarpum diplctvcarpum 
Ncobassia prvcenflora 
Enchylacna lanata 


I- 1 nci 

i—I '- Mait 

-1 '- Man 

'- Mait 


■e 


- Mairvana astrotricha 

- Mairvana aphyBa 

- Mairvana lomcntosa 

- Mairvana triptcra 

- Sderolaena steHigcra 

- Sdcrolaena rimbriolata 

- Malacocora brflora 

- Malacocora bicomis 

- Mairvana seddoha 

- Mairvana mictophyila 

- Mairvana planifoUa 

- Mairvana villosa 
Enchylacna lomcntosa 
Mairvana georgei 
Mairvana Integra 
Mairvana turbinate 
Dkfymanthus rod 
Dissocarpus paradoxus 
Dissocarpus brflonis 
Eriochdon sdetolacnotdes 


- Mairvana amocna 

- Mairvana convexa 

- Mairvana enosphacra 

- Mairvana opposilifol'ia 



Mairvana brwifolia 
Mairvana potypterygia 
Mairvana schistocarpa 
- Mairvana pymmidata 

I- Ercmophca aggregate 

|_|- Eremophea spinoso 

■- Ncobassia astrocarpo 

- Mairvana criodada 

- Mairvana penlatropts 

I - Roycea divaricata 

I- Roycea spincscens 

- Bassia dasyphylla 

- Kochia melanoptcra 


■i —i—i—i—i—h 


H-1-h 


H-1-1-1- 


16 15 14 13 


H 


H 


3 


] 

3 


Million Years (myr) 


Sderolaena 
dade I 


Sderolaena 
dade II 


Osteocarpun 

dade 


Malacocera 

dade 


Dissocarpus 

dade 


Eremophea 

clade 


Roycea 

dade 


Fig. 1. Relaxed maximum likelihood (ML) tree of the Australian Camphorosmeae with estimated 
ages derived from divergence time analysis of the ETS sequence data using a relaxed clock 
method implementing penalised likelihood. For calibration the split between the Australian 
Camphorosmeae and its Central Asian sister was set to 16.4—10.3 mya according to Kadereit & 
Freitag (2011). 
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ULN 


UN 


UN 


UN/IN/yn/LN 


UN/LN 


/m/N/MN 


M/N/MN/MO/NO 


M/MN/MO 


MiMN/MO 


lfJMM//m//m/N/MN | 
l/JAJM/lM/j/n/lm/ N/MN | 
l/IUM/IM//rrV/m/N/LN/MN/io//oi , )o/NO 
l/UIUM/IM/N/LN/MN/O/w^O 

M/IM/N/MN/0/w//(VW0/N0 



Sclerolaena patcnticuspis 
Sderolaena diacantha 
Sderolaena obliquicuspis 
Sderolaena uniflora 
Sderolaena eriacantha 
Sderolaena eurotioides 
Sderolaena densifbra 
Sderolaena recurvicuspis 
Sderolaena modicaginoides 
Sderolaena calcarata 
Sderolaena rntricata 
Maircana coronata 
Sderolaena cuneata 
Sderolaena lanicuspis 
Sderolaena blackiana 
l |— Sderolaena bngicuspis 
«— Sderolaena drvancata 
Sderolaena tetracuspis 
Sderolaena ramulosa 
ThrelkckJia diffusa 
mjjuemi — Sderolaena birchii 
Medio — Sderolaena bicomis ssp. horrida 
*—Sderolaena bicomis ssp. bicomis 
Sderolaena amsacanthoides 
l | — Oslcocarpum dipterocarpum 
I ■— Oslcocarpum acropterum 

• - Maircana platycarpa 

Sderolaena convexula 
Sclerolacna brachyptcra 
Sderolaena panrifbra 
Sderolaena muncata 
Sderolaena comishiana 
Neobassia proccrifhra 


UNJ 



Ugm/IM/ym//m/LN/WN/0/M0/N0 


M/ta/N/LN/O/MO/NO 


- Malacocera tricomis 
-Malacoceratoflora 
/m/iN//n/LN i — Utomina astrotneha 
'— Enchyiaena lanata 
Maircana triptem 
Maircana tomentosa 
Maircana aphyila 
Sderolaena slclligcra 
Sderolaena fimbnolata 

- Maircana sedifoUa 

l/n i - Maireana villosa 

krltllgr I 1 — Maireana planifoha 

I- Maircana mtcrophyffa 
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Fig. 2. The exact biogeographic solution using dispersal-vicariance analysis (DIVA). Possible 
ancestral centers of endemism are shown on the nodes of the cladogram. Solutions in uppercase 
are adjacent regions, and represent the preferred solutions with the assumption that dispersal 
is the main mode of distribution. Physically non-adjacent solutions arc written in italicised 
lowercase. (E = Eastern Queensland; F = McPherson-Macleay; G = Southeastern New South 
Wales; H = Victoria; I = Eyre; J = Adelaide; L = Eastern Desert; M = Southwest; N = Western 
Desert; O = Pilbara) 
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Discussion 

Australian Camphorosmeae split from their Central Asian sister group in the mid- 
Miocene (16 4-10.3 mya) according to Kadereit & Freitag (2011). Some time between 
this split and the initial diversification of the lineage during the Late Miocene it must 
ave reac e Australia (Fig. 1). From this presumably single colonisation event the 
incage succeeded in occupying all floristic regions of the continent and gave rise to the 
cur rent y recognised species (Figs 2 & 3). Our biogeograph ical analysis is hampered 
y t le re ative y low resolution of the EIS tree and by the incomplete sampling of the 
Imeage 69 of 147 species representing all 12 endemic genera). By sampling all genera 
and including several accessions from the large genera, Sclerolaetui and Maireana, 
we believe, however, that we have adequately represented the morphological and 
biogeographical diversity of the lineage. Since the molecular marker used here is 
among the most variable markers used in phylogenetic studies (e.g., Bayer et al. 2002) 
and has proved to be informative at the infrageneric level in Chcnopodiaceac (e.g., 
Kadereit ct al. 2007; Zacharias & Baldwin 2010) we assume that the low resolution 
of the molecular tree may be caused by the relatively young and fast radiation of the 
group. The application of a number of variable cpDNA markers and ITS did not add 
resolution to the ETS data set (Cabrera et al. 2009). 


Arrival of Camphorosmeae in Australia 

At the time of arrival of Camphorosmeae in Australia (sometime during the Middle to 
Late Miocene; Kadereit et al. 2005, Kadereit & Freitag 2011) the continent had already 
separated from the remainder of the landmasses of the Southern Hemisphere (Kuhnt 
et al. 2004; McLoughlin 2001; Stagg & Willcox 1992; Vcevers 1986,2000). This suggests 
that ancestors of the group must have arrived in Australia via long-distance dispersal, 
likely from temperate semi-arid to arid parts of continental Eurasia, the region where 
the closest relatives are widespread today. Accordingly, they are not of Gondwanan 
origin as had been suggested by Carolin (1981). The results of the biogeographical 
analyses reject the possibility that Camphorosmeae migrated via tropical Southeast 
Asia and entered the continent from the north. The DIVA analysis shows that early 
colonised areas are clearly located in the south and west of the continent, and the 
tropical north was reached only very recently (Figs 3 & 4). 

Several workers on Australian biogeography have suggested that progenitors of 
the arid flora of Australia, including Chcnopodiaceae, were already present on the 
continent before the onset of aridification some 10-15 mya (Burbidge 1960, Beadle 
198L Christophel 1989, Schodde 1989, Martin 2006). We believe that this was the case 
in Camphorosmeae and we hypothesise that the progenitors of modern Australian 
Camphorosmeae were already adapted to arid and saline environments. Other 
members of the tribe in Eurasia and elsewhere are adapted to such conditions, and 
this character must have developed early in the evolutionary history of the whole tribe. 
Not only Camphorosmoideae but also its sister group Salsoloideae consist of species 
that are adapted to semi-arid and arid habitats, and tolerate variable degrees of salinity. 
4 he assumption that adaptation to arid conditions is the plcsiomorphic condition in 
Camphorosmoideae is further supported by hypotheses about the onset of aridification 
of continental Asia, which has been estimated to have taken place at the beginning of 
the Miocene c. 22 mya (Guo et al. 2002). This coincides with the initial diversification 
of Camphorosmoideae (Kadereit 8c Freitag 2011) and clearly predates the arrival of the 
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Fig. 3. Map of Australia with regions of endemism and the sequence of range expansion according 
to the DIVA analysis. (E = Eastern Queensland; F = McPherson-Macleay; G = Southeastern New 
South Wales; I I = Victoria; I = Eyre; ) = Adelaide; K = Northern Desert; L = Eastern Desert; 
M = Southwest; N = Western Desert; O = Pilbara) 
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Fig. 4. General area relationships derived from dispersal vicariance analysis showing possible 
ages of colonisation of the current distribution areas. 
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tribe in Australia. The progenitors of modern Australian Camphorosmeae might have 
colonised coastal habitats or suitable disturbed and probably saline inland habitats 
before the onset of aridification. The long period of time between the split of the 
ancestral Camphorosmeae from the Eurasian relatives and the onset of diversification 
within Australia (Fig. 1) suggests that the environmental conditions necessary to 
promote diversification in the group may not yet have existed upon their arrival. 

Diversification of Camphorosmeae in Australia 

The timing of initial diversification of Camphorosmeae during the Late Miocene 
coincides with several hypotheses about the onset of aridity in Australia (Beard 
1977; Bowler 1982; Markgraf et al. 1995; Martin 1998a, 2006; Stein 8c Robert 1986). 
The DIVA analysis showed that the most probable ancestral area of endemism of 
Camphorosmeae in Australia was along or near the southwestern coast of the continent 
(Figs 3 8c 4). Barlow’s (1981) hypothesis that Chenopodiaceae may actually have 
radiated from within the arid zone, i.e. central Australia, is thus not corroborated by 
the biogeography of Camphorosmeae presented here. Furthermore, the DIVA analysis 
showed that from the south-west, there was a multidirectional radiation into the 
neighbouring regions: first to the Eastern Desert region then to the south into Eyre and 
Adelaide regions, and then into the southeastern regions of Australia (i.e. into eastern 
Queensland, McPherson-Macleay, southeastern New South Wales and Victoria) and, 
finally the interzones of tropical northern Australia (Fig. 3). In Australia, there are no 
significant geological features to prevent continuous migration within the continent 
(Barker 8c Grecnslade 1982, Byrne 8c Hines 2004). Therefore, Camphorosmeae likely 
had the possibility to migrate into neighbouring regions as soon as favourable habitats 
opened up. 

Deeper-level diversification within the Australian Camphorosmeae may have been 
rapid. By the end of the Pliocene, c. 1.8 mya, more than 70% of the investigated lineages 
already existed. These lineages represent an almost 250% diversity increase between 
the end of the Miocene and the onset of the Quaternary. If correctly dated, this period 
concurs with the onset and persistence of Australian aridification based on Bowler 
(1982). According to his investigations on weathering profiles of lake sediments, the 
continent experienced a period of sustained aridity starting c. 6 mya and continuing to 
about 2.5 mya. 

In summary, we hypothesise that Camphorosmeae radiated, concurrently with 
the development of the arid regions, from the south-west of the continent east- 
and northwards, starting in the Late Miocene. There was enhanced diversification 
during the Pliocene (Figs 3 8c 4) and most lineages of the-present day Australian 
Camphorosmeae already existed during this epoch (at least 70% of the sampled taxa). 
During this period all but the northern regions (Kimberley, Arnhem, Cape York and 
Atherton) were reached (Figs 3 8c 4). As favourable ecological opportunities opened up, 
Australian Camphorosmeae dispersed in to the newly developed niches. We assume, 
however, that climatic oscillations during the Pliocene and Pleistocene have also greatly 
influenced the biogeography of the group. Evolving lineages have probably reduced 
their distribution to relictual areas as the arid zones contracted. It is possible that 
frequent shifts in distribution admixed taxa that had been separated before and have 
complicated the recent phylogenetic history of the lineage. 
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Drawbacks of DIVA and age estimates 

One major drawback of DIVA is that it underestimates dispersal because sister taxa 
having the same areas of distribution are assumed to be derived from a common ancestor 
that speciatcd through vicariance simultaneously in all areas (Voelker 1999). Similar to 
the problem of morphological or molecular homology, the case of parallel dispersals 
could also account for similarities in distributions and not common ancestry. Another 
problem lies with the reconstruction of ancestral areas when different descendants 
occupy different areas (Drovetski 2003). DIVA favours a widespread ancestor present 
in all areas occupied by its descendant species, forcing an unrealistic assumption that 
an ancestor had a much wider distribution than any of its descendants (Ronquist 
1997). It is unlikely that the ancestral distribution of Camphorosmeae in Australia was 
widespread, and thus vicariance could not account for the current distribution of the 
group. In this case, DIVA was set to resolve a maximum of two ancestral areas per 
node to favour dispersal. This led to the identification of sequential migration events 
(as opposed to sequential vicariance events) for the ancestors of the tribe. Migration 
would have favoured dispersal scenarios between adjacent areas. Kimberley, Arnhem, 
Cape York and Atherton were colonised most recently since these are non-arid regions, 
and the presence of Camphorosmeae here is limited to the interzones (Wilson 1984). 

The age estimates provided here present only a rough estimate since direct fossil 
evidence is lacking and the rate smoothing applied here might over- or underestimate 
mutation rates in certain lineages. Nevertheless, our dating did not produce ages that 
conflict with the fossil record for Chenopodiaceae in Australia. The earliest chenopod- 
like pollen fossils were dated from the Oligocene-Miocenc boundary (Martin 1981, 
Christophel 1989). It is not clear that these fossils belong to Chenopodiaceae as they 
might also belong to Amaranthaceae or Caryophyllaceac which have similar pollen 
morphology. If they belong to Chenopodiaceae they might represent fossils of the 
earliest Australian chenopod lineage, Scleroblitum (Kadereit et al. 2005). From the 
Pliocene onwards, larger quantities of the chenopod pollen type were found in central 
Australia (Benbow et al. 1995, Martin 1998b, Singh 8< Luly 1991) which matches with 
the diversification of Camphorosmeae during this time. 1 Iowever, these large quantities 
of chenopod-like pollen could also be the result of the spread of Atriplex communities 
in central Australia. Like Camphorosmeae, Atriplex started to diversify in Australia 
during the Late Miocene/Early Pliocene (Kadereit el al. 2010). 
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Abstract 

As in most pollinator-limited orchids lacking edible rewards, a population of C. reginae in 
southern Missouri showed a low conversion ratio of flowers into fruits (0.046-0.23) over two 
seasons. There was no relationship between the length of the secondary flowering stem, the 
number of foliage leaves on the same stem and the number of flowers (one or two) produced 
at the terminus of the stem. However, the size mattered based on the physical dimensions of 
pollinia-carrying insects vs. parameters of floral architecture. While a diverse range of floral 
visitors (Colcoptera, Diptera and Hymenoptera) to C. reginae were observed over three seasons, 
only six medium-sized bees ( Anthophora.Apis and Megachile spp.) carried segments of massulate 
pollinia after three seasons of observation and collection. Pollinia were always deposited dorsally 
on the thorax. These bees had a mean width of 4.44 mm and depth of 3.41 mm whereas the 
rear exit length and width of the orchid measured 6.53 mm and 3.41 mm. respectively. In 
contrast, the more numerous but smaller bees (2.66 mm width and 2.16 mm depth) in the 
genera Augochlorella, Augochlora, Ceratina, Lasioglossum spp. etc., exited the flower via the same 
rear orifices without pressing against the dehiscent anthers. Larger bees (gynes of Bombas spp.) 
measuring 9.06 mm in width and 6.25 mm in depth, were too large to escape via the rear exits so 
they left the flower via the large, dorsal entrance (through which they first entered the labellum) 
never contacting either anther. As in the small-flowered C. plectrochilum , the larger flowered 
C. reginae receives many floral visitors but selects for pollinia-vectors of a discrete body size. 


Introduction 

The conversion rate of flowers into fruits containing viable seeds is notoriously low 
in the majority of orchid species that are obligate out-crossers but offer no rewards 
(Tremblay ct al. 2005). Because the majority of orchid species offer no edible rewards 
and fruit set is so low, population fecundity remains an ongoing problem in orchid 
conservation regardless of geography. While many of these taxa are self-compatible, 
not all species self-pollinate (autogamy) in the absence of pollinators (Dafni & 
Bernhardt 1989, Tremblay et al. 2005). For example, a review of the literature shows 
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that mechanical self-pollination is rare in the genus Cypripedium L. (Bernhardt & 
Edens-Meier 2010), although all species tested so far are self-compatible (Edens-Meier 
et al. 2010). 

Bernhardt and Edens-Meier (2010) compared known pollinators and known fruit set 
in 15 out of the known 47 species in Cypripedium (sensu Cribb 1999). They noted 
that, while pollinators may vary between species, fruit set ratios often vary broadly 
within the same species according to population size, distribution, season, and local 
environmental conditions. For example, the percentage conversion of flowers into 
fruits in discrete populations of C. calceoltis through Eurasia varies considerably. Fruit 
set in the same population in Byelorussia varies between 0.33-0.57 in different years 
(Stavrovskaja 1984 in Kull 2008) and in Sweden from 0-0.25 (Nilsson 1979 in Kull 
2008). Why is there such a broad variation? 

One reason is that pollination of Cypripedium spp. usually depends on a comparatively 
narrow range of pollinators with restricted physical dimensions. There is an optimal 
size for insect pollinators in relation to floral architecture regardless of the diversity 
of anthophilous insects attracted by more generalist colour patterns and fragrances 
(Banziger et al. 2005, 2008; Li et al. 2006, 2008). The “goodness of fit” between the 
insect’s body and the interior dimensions of the Cypripedium flower governs whether 
or not the insect carries pollen masses as it exits the rear orifices of the flower and those 
same masses contact receptive, stigmatic papillae when it enters a second flower of the 
same species. Consequently, when bumblebee ( Botnbus ) queens (gynes) fail to visit 
flowers of C. acaule at two sites in North America the conversion ratio of flowers into 
fruit may drop from 0.25 to 0.0 (Bernhardt 8c Edens-Meier 2010). 

However, the frequency and diversity of insect visitors to flowers of Cypripedium spp. 
shows two intergrading trends. In some species, e.g. C. acaule (Stoulamire 1967), 
C. bardolphianum (Zheng et al., in press), C. fasciculatum (Ferguson St Donhant 1999) 
and C. tibeticum (Li et al. 2006), observers report that flowers are visited exclusively 
by their pollinators although such visitations may be infrequent to rare. In contrast, 
observations and collections of floral foragers to C. plectrochilum (Li et al. 2008), 
C. guttatum (Banziger et al. 2005) and, to a lesser extent, C. yunnanense and C.Jlavum 
(Banziger et al. 2008) show that these flowers have a wider variety of floral visitors 
representing multiple species in three insect Orders. The physical dimensions of most 
of these generalist foragers are cither too large to enter the inflated iabellum or too 
small or narrow to contact the receptive stigma and/or the dehiscent anther as they 
exit the flower. The act of pollinia dispersal in C. plectrochilum, for example, remains 
relegated, as usual, to species within the one bee genus ( Lasioglossum; Halictidae) all 
with overlapping physical dimensions. 

We decided to re-examine the pollination mechanics, floral architecture and 
pollinator dimensions of C. regitiae because the past three studies on this species offer 
contradictory results and did not provide flower pollinia vector measurements. 1 his 
species has the third largest flower of all North American Cypripedium spp. (Luer 
1975). An early study suggested that the dominant pollinator of populations of this 
species in Ontario, Canada were medium-large bees (see review in Van der Cingel 
2001). In contrast, Vogt (1990) observed and collected small syrphid flics ( Syrphus sp.), 
and even scarab beetles in the genus Trictiotinus, carrying pollen of the host flower at 
a second site in Vermont, U.S.A. Herring (2007) observed and collected insect visitors 
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of C. reginae at two populations in two disjunct sites in southern Missouri, U.S.A., the 
southwestern limit of its range. At the Angeline site in southern Missouri, a solitary 
skipper butterfly (Polites sp.) and six bees (< 7.5 mm in length) entered its flowers. 
The bees were identified as Ceratina calcarata (Apidae), Augochlora pura (Halictidae) 
and Augpchlorella striata a«rafa(Halictidae). While all of these insects exited the flower 
through the rear orifices, as must all legitimate pollinators of all Cypripedium spp., 
none of Herring’s insect specimens carried the host flower’s pollen masses. This is 
especially interesting as I (erring (2007) also studied the pollination ecology of another 
spring-flowering species, C. parviflorttm var. pubescens in Missouri at three disjunct 
sites. Fragments of the massulate pollinia of C. parviflarum were definitely carried by 
five species of small, native bees including Ceratina calcarata and Augochlora pura. 
Therefore, this paper attempts to resolve several interrelated questions regarding the 
pollination dynamics of C. reginae at th e Angeline site in southern Missouri. First, 
do taller and leafier stems make more flowers than shorter stems with fewer leaves? 
Second, which insects are most likely to carry its pollinia after visiting the flowers and 
do prospective pollinators share similar body sizes and are they closely related? Finally, 
is there a self-consistent parametric relationship between floral architecture and body 
size of insects carrying C. reginae pollinia? 


Materials and Methods 

Study Site and Annual Fruit Set. We used the same population in the Angeline 
Conservation Area (Lick Log Hollow), Shannon County, MO, as in Edens-Meicr et al. 
(2010) for three seasons (2007-2009) during the last two weeks of May each year. We 
counted the number of flowering stems each May, the number of flowers/stem and 
then returned to the same site in mid-late summer to count the number of capsules. 
However, in 2008 Ms. Tamra Raven (pers. comm.) found that our population extended 
beyond the initial field site, adding an additional 45 flowers to the study in 2008 and 
25 flowers in 2009. A voucher specimen of C. reginae in bloom was deposited in the 
Missouri Botanical Gardens herbarium ( MO)(Bernhardt 6067487). We also made 
vouchers of Coreopsis lanceolata (Bernhardt 6067489) and Zizia aurea (Bernhardt 
6067488) because their (lowering periods overlapped with C. reginae and we noted that 
some insects visited the orchid and these other co-blooming plants. 

Number of Flowcrs/Stem. Some stems of C. reginae produce only one terminal flower 
while others produced two. To determine whether there was a relationship between 
flower number and the physical robustness of the seasonal stem we counted the 
number of flowers/stem, the number of leaves/stem and the length of the stem (in cm). 
A Welch t-test was used to compare the mean height of stems that produce one flower 
to the mean height of stems producing two flowers. A second Welch t-tesl was used to 
compare the mean number of leaves produced by stems with one flower to the mean 
number of leaves produced by stems with two flowers. 

Assessment of Fruits/Stein. The natural rate of capsule production within the 
population was not recorded during 2007 because so many of the flowers within the 
population were manipulated in earlier hand pollination experiments (see Edens- 
Meier et al. 2010). In 2008 and 2009 we counted the number of stems with flowers in 
May. We returned to the same site 8-16 weeks later to count the number of capsules on 
stems in the population. 
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Floral Measurements. To determine the architecture of the flower vs. the size of 
prospective pollinators we used digital calipers to make the same measurements 
described by Li et al. (2006) lor C. tibeticum, with one exception. We were not able to 
record the distance in millimetres of the receptive surface of the stigma to the base of 
the labellum sac as in Li ct al. (2006) as this would have meant splitting labella open 
longitudinally and the Missouri Department of Conservation Regulations limited the 
number of flowers we could sample annually tor breeding experiments (Edens-Meier 
et al. 2010). 

Insect Observations, Collections and Measurements. Insects were observed in all 
three seasons for a total of approximately 180 hours. We usually arrived at the site by 
9 AM and left at 5 PM after initial observations that there was no insect activity before 
or after these time periods. Inert/dead insect specimens were removed from labella, 
pinned and labeled for identification. We observed a) which insects approached flowers 
but did not enter, b) which insects entered the labellum through the large, dorsal orifice 
but then exited the flower via the same orifice and c) which insects entered the flower 
through the large, dorsal orifice but exited via one of the two, rear openings flanking 
each anther. Insects were collected with butterfly nets and euthanased in a jar with 
fumes of ethyl acetate. Specimens were pinned, labeled and identified but it was not 
possible to discern whether we collected Ceratiiui calcarata or C. dupla as the two 
species are separated by characters attributed to male specimens exclusively and we 
only collected females. 

Three separate measurements were taken for each specimen with digital calipers: 

1. Length from Irons to tip of abdomen. 

2. Width between the widest points on the insect’s body. For most bees, this was the 
width of the segment at the base of the abdomen where it connects to the thorax. 

3. Depth from the top to the bottom of the thorax. 

Pollen Load Analyses. We used magnification visors to determine if the insect was 
carrying poliinia of C. regime. Pollinia were removed with a probe and stained with 
Calberla’s fluid (Bernhardt & Dafni 2000). To determine whether the bee collected 
pollen on other species flowering within the same site each insect was placed on a 
glass slide and washed in two-four drops of ethyl acetate. The scopae and corbiculae of 
bees were scraped with a probe to dislodge additional loads or masses. After removing 
the insect from the glass slide and pinning the insect, the ethyl acetate was allowed to 
evaporate and then the residue was stained with drops of Calberla’s fluid and mounted 
under a cover slip (Bernhardt & Dafni 2000). The pollen slide was co-referenced with 
the same code used to identify the pinned insect specimen. The pollen of a particular 
plant species was counted as present on a slide if we counted in excess of 25 grains. 
However, the pollen of Cypripedium spp. is so distinct we also recorded whether insects 
carried trace amounts of this pollen defined here as < 10 disconnected grains/slide. 
Co-blooming plants that provided pollen samples for the pollen reference library were 
pressed and deposited in MO. Insect specimens, measured and examined for pollen, 
were deposited in the American Museum of Natural History (Manhattan, New York). 
A series of Wilcoxon rank sum tests were used to compare the dimensions of insects 
where pollen was present to those where pollen was absent. The Wilcoxon rank sum 
test is a nonparamctric test used to compare two samples (Sokal tk Rohlf 1995). 
It is equivalent to the Mann-Whitney test (Sokal 8( Rohlf 1995), differing only in 
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the procedure used to arrive at the test statistic. Wilcoxon tests were executed in the 
R statistical programming environment (R Development Core Team, 2010) using 
the function “Wilcox.test” within the package, “stats.” Wilcoxon tests were chosen 
over parametric methods due to the small number of insects found carrying pollen. 
Contrasts were set up as follows: three tests separately compared length, width, and 
depth measurements of insects where pollen was present to those where pollen was 
absent (excluding all specimens Bornbus spp.), and a second round of three tests 
compared length, width, and depth measurements of insects where pollen was present 
to those of specimens in the genus Bombus. Some questions arose during the review 
process as to whether having multiple species with and without pollen influenced 
independence of the data. In this case, observations would have been dependent if the 
size of a visitor somehow directly influenced the size of a subsequent visitor. We have 
no reason to suspect that this was the case here. 


Results 

Relationship Between Stem Height, Leaf Number and Number Flowers/Stem. 
Measurements of the three characters are itemised in Table 1. We did not find a 
significant difference in mean stem height between stems with one and two flowers 
(t=0.8572, df=26.199, p=0.3991). Neither did we find a significant difference in the 
number of leaves produced by stems with one and two flowers (t = 0.4711, df = 29.975, 
p-value = 0.641). 

Floral Architecture and Presentation 2007-2009. Measurements of nine floral 
characters are summarised in Table 1. When the flower bud opens the labellum 
is resupinate on its pedicel and is usually held horizontally to the erect or leaning 
vegetative stem (Luer 1975, plate 8.1). The exterior of the labellum is glabrous and 
white with a broad pink blotch (Fig. 3; Luer 1975, plate 8.2). However, the interior of 
the labellum is marked by rows of deep pink-magenta spots and its base is lined with 
transparent, multicellular trichomes (Fig. 1). A large opening is located on the dorsal 


Table 1. Floral and stem measurements of Cypripedium reginae flowers 


Measure 

n 

Mean 

SD 

Ovary Length (mm) 

35 

28.26 

6.30 

Column Length (mm) 

35 

10.84 

2.51 

Labellum Length (mm) 

44 

40.79 

3.30 

Labellum Width (mm) 

44 

29.62 

3.44 

Entrance Length (mm) 

44 

11.96 

2.04 

Entrance Width (mm) 

44 

16.19 

2.92 

Entrance Depth (mm) 

44 

24.98 

3.28 

Exit Length (mm) 

44 

6.53 

1.46 

Exit Width (mm) 

44 

3.41 

0.97 

Plant Height (cm) 

35 

67.87 

14.71 

Number of Leaves 

35 

7.11 

1.16 

Number of Flowers 

35 

1.37 

0.49 


T-tests comparing the number of flowers produced to height of plants (t=0.8572, df=26.199, p=0.3991) 
and the number of leaves (t = 0.4711, df = 29.975, p-value = 0.641) fail to detect a relationship between 
the size of the plant and the number of flowers produced. 
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surface of the labellum (Luer 1975). Two smaller dorsal openings are located to the 
rear of the labellum, flanking opposite sides of the staminode. Two lateral white petals 
are located on each side of the labellum. Two connate, white sepals hang underneath 
the labellum while a white dorsal sepal arches over the dorsal opening of the labellum, 
preventing the inflated pouch from filling with water when it rains. A white staminode 
with pink and yellow blotches covers the other organs that make up the column. The 
stigma is strategically positioned directly under the staminode while two anthers are 
located posterior and superior to the stigma. The flower emits a faint but pleasant floral 
fragrance, reminiscent of bluets ( Houstonia ). 

Conversion of Flowers into Fruits 2008—2009. In 2008, only three out of 63 un¬ 
manipulated flowers (see Edens-Meier et al. 2010) produced mature capsules. In 2009, 
13 capsules were produced from a total of 56 un-manipulated flowers. The conversion 
of flowers into fruit was 4.6% and 23% respectively. 

Comparative Behaviour and Identification of Floral Visitors 

Coleoptera. Four beetles were found in the labellum of four flowers in 2007. In all 
cases they remained in the labella throughout the day of observation and were never 
observed to exit the flower via the rear orifices. There were two Trichiotinus spp. 
(Scarabaeidae) and two specimens of Diabrotica undecimpunctata (Chrysomelidae). 
None carried pollen of the orchid or any other co-blooming plant. These species were 
also observed but not collected in labella in 2008 and 2009. 

Diptera. A single calliphorid fly (Calliphoridae) was found dead in the labellum in 
2007. 

Lepidoptera. We observed, photographed, and filmed a variety of Lepidoptera 
(sphingid moths, butterflies and skippers, including the rare golden-banded skipper) 



Fig. 1 . Interior of labellum of Cypripedium reginae marked by rows of deep pink-magenta spots. 
The base is lined with clear multicellular trichomes. 
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visiting flowers of C. reginae every season. Diurnal, unidentified, sphingid moths were 
observed and filmed, but not captured, as they hovered in front of the flower and 
then left the site without entering the labellum. We also observed and photographed 
the Great Spangled Fritillary ( Speyeria cybele ) as these large butterflies landed on the 
labella and extended their probosces onto the staminodes as well as the interior of 
the labellum. They appeared to be especially attracted to aging flowers with brown 
spots but were not observed to enter the labella (Fig. 2). Skippers ( Rhopalocera ) were 
the most common Lepidoptera on these orchids and included Polites spp., the golden 
banded skipper ( Autochton cellus ) and the Delaware skipper (Atrytone logan), These 
insects were observed flying from flower to flower of C. reginae. They extended their 
probosces, contacting the dorsal sepals, labellum entrances and staminodes (Fig. 3). 
They were especially common after rains and appeared to be drinking water droplets 
clinging to floral structures. When skippers entered the labella three things could occur. 
Some exited the labella through the same dorsal opening. Others remained in the 
labellum and died. In only one observation, a Polites sp. must have attempted to exit the 
labella by crawling under the stigma and out of the flower via one of the two exit canals. 
This exiting insect died en route with its head emerging from the exit orifice (Fig. 4). 

Hymenoptera. Males of Xylocopa virginica were observed each season. We did not 
capture them because they hovered around the flowers without landing on them. 
Gynes in the genus Bombits (Apidae; Table 2) were observed each season and, on 
several occasions, engaged in agonistic behavior with each other and with bees of other 


Table 2. Pollen load analysis of bees collected on Cypripedium reginae flowers 
during 2007-2009 after they were observed exiting the flower by the rear orifices. 


Insect Taxon 

Number Caught 
2007 2008 

2009 

Carry 

Pollinia 

Pollen of 
Other Spp. 

Anthophora abrupta 

0 

0 

1 

1 

1 

Anthophora terminal is 

0 

0 

1 

1 

1 

Apis mellifera 

0 

1 

1 

2 

1 

Augochlorella persimilis 

0 

0 

1 

0 

1 

Augochlora pura 

6 

7 

15 

4* 

18 

Augochlorella aurata 

1 

0 

2 

1* 

1 

Bombus griseocollis 

0 

1 

2 

0 

3 

Bombus pensylvanicus 

0 

1 

0 

0 

1 

Ceratina calcarata/dupla 

0 

4 

1 

1* 

3 

Ceratina strenua 

1 

0 

1 

0 

2 

Eucera rosae 

1 

0 

0 

0 

1 

Hoplitis spoiliata 

0 

0 

1 

1 

0 

Lasioglossum spp. 

1 

1 

0 

0 

2 

Lasioglossum zophops 

1 

0 

0 

0 

2 

Megachile montivaga 

1 

0 

0 

1 

1 

Osmia distincta 

0 

0 

1 

0 

1 

Grand Totals 

12 

15 

27 

6-12 

39 


* Trace samples of pollen of C. reginae only. Slide never contained more than four isolated monads of 
Cypripedium pollen. 
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Fig. 2. Great Spangled Fritillary probes brown spots on wilted flower of Cypripediutn reginae. 



Fig. 3. Unidentified skipper probes dorsal sepal with its extended proboscis. 
Fig. 4. Dead Polites sp. with head protruding from rear orifice. 
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species. Four specimens were collected after they were observed entering the labellum 
through the large dorsal opening. Once inside, the Bombus sp. rolled around inside the 
labellum before exiting via the same opening through which it entered. Four specimens 
collected (Table 1) in 2008 and 2009 attempted to exit the labellum via the rear of the 
labellum but they were always unable to leave via the much smaller rear orifices. It is 
possible that their heads could have contacted the dehiscent anthers as they pushed 
against the rear part of the labellum, so we collected and euthanased them for pollen 
load analyses. However, the white pollen grains caking the frons, antennae and the rims 
of their compound eyes belonged to co-blooming Physocarps opulifolius (Rosaceae) 
and/or Salvia lyrata (Lamiaceae). 

In 2007 we found four bees (three specimens of Augochlora pura and one Lasioglossum 
zophops) dead in the labella of four flowers. While all four carried the pollen of co¬ 
blooming plants, none carried pollen of C. reginae. All remaining bees captured from 
2007-2009 were captured after they were observed exiting a flower via one of the rear 
orifices. The way in which they entered the flower via the broad dorsal entrance varied. 
Some flew directly into the dorsal opening, landing on the bottom of the interior surface 
of the labellum. Others landed on the outer surface of the labellum before entering 
the labellum. No bees were observed landing on the staminode over the three-season 
period. In either entry method, the weight of the bee often caused the flower to nod on 
its pedicel. All bees observed crawled towards the rear of the flower along the purple- 
spotted pathway found on the interior surface of the labellum (Fig. 1). Once the bee 
passed under the stigma it was lost from view. Flowever, several bees slipped backwards 
more than once and had to repeat their movements. All bees entered the labellum and 
exited via the rear orifices within 60 seconds or less. Some bees, not caught at this point 
of re-emergence, launched themselves into the air and appeared to leave the site. Other 
bees paused on the surface of a lateral petal or crawled onto a leaf and then groomed 
themselves before flying away. 

Excluding the Bombus spp., we collected a total of 54 bees as they exited the flowers over 
a three-season period. They represented 14 taxa (Table 2). A total of 53 bees carried 
the pollen of one or more identifiable, co-blooming angiosperms (Table 2) including 
Physcocarpos sp., Salvia lyrata (see above), Coreopsis lanceolata (Asteraceae) and Zizia 
aurea (Apiaceae). Specimens of Augochlora pura (Halictidae) and the naturalised Apis 
mellifera (Apidae) carried the pollen of up to five different flowering plants including 
a large polyporate grain and a small tricolporate one that could not be matched to the 
standing co-blooming flora. 

Table 3. Bee measurements and Wilcoxon comparisons 


Measure 

Pollinia Vectors 
(n=6) 

Non-Vectors 
(exdd. Bombus) 
(n=58) 

Bombus 

(n=4) 

Wilcoxon Comparisons of 
Pollinia Vectors vs. Non-Vectors 

(exdd. Bombus) Bombus 


Mean±SD 

Mean±SD 

Mean±SD 

W 

P 

w 

P 

Length (mm) 

10.87 ±0.71 

7.87 ± 1.94 

20.62 ± 1.62 

21 

<0.001 

24 

0.010 

Width (mm) 

4.44 ± 0.88 

2.66 ±0.87 

9.06 ±0.54 

25 

<0.001 

24 

0.010 

Depth (mm) 

3.41 ±0.88 

2.16 ±0.74 

6.25 ±2.73 

57 

0.007 

19 

0.171 
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Despite the diversity of bees leaving the flower via the rear orifices where they could 
contact dehiscent anthers, only six specimens (Table 2, Figs 5 & 6), representing five 
species, in the long-tongue families Apidae ( Anthophora abrupta, A. terminalis, Apis 
mellifera) and Megachilidae ( Hoplitis spoliata. Megachile montivaga) carried discrete 
segments of the massulate pollinia of C. regime (Figs 5 & 6). In all cases these pollinia 
fragments were restricted to the dorsum of their thoraces. Loose, individual grains 
of C. reginae pollen were found on a few specimens of members of the Halictidae 
(Augochlorella persimilis, A. pura and Augochlorella aurata) and one member of the 
Apidae ( Ceratina calcarata/dupla ) but there were less than five isolated and individual 
grains/slide. We note that Apis mellifera is an introduced species in North America 
and suspect that this bee species carried the pollinia of C. regime because its physical 
dimensions were so similar to those of the native species that carried pollinia (Table 
3). We found that the length and width of Bombas spp. are not the same as the length 
and width of the six bees carrying pollinia. We also discovered that the length, width 
and depth of all the remaining bees are not equal to the same variables of the six bees 
carrying pollinia (Table 3). 

Wilcoxon comparisons revealed that bees carrying pollen were significantly larger in 
all three dimensions than those not carrying pollen when Bombas spp. were excluded 
from the analysis (Table 3). Bees carrying pollen were also found to be significantly 
smaller (in length and width, but not depth) than the Bombus spp. visitors (Table 3). 


Discussion 

Fecundity vs. Pollinator Diversity/Fidelity. Cypripedium reginae is a rhizomatous 
species (Luer 1975). Secondary stems in our population showed no obvious relationship 
between the height and leaf number, and the number of terminal flowers produced. 
Herring (2007) counted the number of flowers (n = 45) and fruits (n=10) in 2006, 
yielding a conversion ratio of 0.222. We followed with conversion ratios of 0.046 in 
2008 and 0.23 in 2009. These low but variable conversion ratios are typical of other 
Cypripediam spp. (e.g., C. acaale, C. tibeticum, some populations of C. parviflorum) 
regardless of primary pollinator or phytogeography (Bernhardt 8c Edens-Meier 2010). 
Cypripediam reginae then follows the predictable pattern of low fertility in most 



Fig- 5. Anthophora terminalis (2009) (pollina removed). 

Fig. 6. Megachile montivaga (2007) from Cypripedium reginae (pollinia removed). 
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orchids that do not offer edible rewards (Tremblay et al. 2005). What was unanticipated 
was the surprisingly high diversity of floral visitors. Our Missouri population received 
far more visitors than those recorded previously on populations distributed through 
the eastern half of North America (van der Cingel 2001). However, despite the wide 
range of visitors, no more than five species could be classified as pollinia vectors. As 
we were unable to note which bees contacted the stigmas of these flowers, we can only 
presume that a discrete number of native apids and megachilids are the true pollinators 
of this orchid in southern Missouri. In addition, this may now include the naturalised 
A. tuellifera. This is not the first time this Afro-Eurasian bee species has been implicated 
in the pollination of an orchid where it has become naturalised. For example, Coleman 
(1933) identified A. mellifera as a probable pollinator of Spiranthes sinensis in eastern 
Australia but S. sinensis is a nectar-secreting species dependant on pollinators with 
prescribed proboscis lengths. In contrast, larger apids and megachilids are the dominant 
pollinia vectors of C. reginae because they share similar physical dimensions reflecting 
an optimal size for pollinators in the flower of this orchid species. 

The Importance of Optimal Size. A recurrent observation in the study of the pollination 
of Cypripedium spp. is the putative “goodness of fit” between the floral architecture and 
the pollinia vector. This was first documented in studies of Cypripedium pollination 
in China (Banzigcr et al. 2005, 2009; Li et al. 2006, 2008). Flowers with large labclla 
are pollinated by large insects (e.g. Bombus gynes). Species with smaller labella are 
pollinated by insects with considerably smaller physical dimensions (e.g. Lasioglossum 
spp „Atidrena spp., micro-dipterans; see Bernhardt & Edcns-Meier 2010). Cypripedium 
reginae has the third largest labellum in North America after C. acaule and C. irupeanum 
(see Luer 1975). As Cypripedium acaule is pollinated exclusively by large, Bombus gynes 
(Bernhardt & Edens-Mcier 2010) it should not be surprising that the only pollinia 
vectors of C. reginae in our population were mid-sized bees in the families Apidae and 
Megachilidae. There appears to be a physical relationship between the dimensions of 
the exit orifices of the flower and the depth and width of the mid-sized bees that were 
captured exiting the flower and carrying the pollinia of this orchid. The exit length and 
width of the orchid measured 6.53 mm and 3.41 mm respectively, with a respective 
standard deviation of 1.46 and 0.97. Medium-sized bees carrying C. reginae pollinia 
had a mean width of 4.44 mm and depth of 3.41 mm (both measurements with a 
standard deviation of 0.88). The Wilcoxon contrasts (Table 3) appear to corroborate 
this hypothesis as bees with pollen were significantly larger than those without, while 
still being smaller than the largest Bombus individuals. As our measurements did not 
include the additional obstructions made by each bee’s six limbs it appears that, in 
order lor bees to serve as pollen vectors for these flowers, the insects need to be just a 
“bit” larger than the exit openings, forcing the bees to squeeze through the orifices on 
their way out ol the orchid. Their struggle to exit the labellum must be tight enough 
for the dorsum of the thorax to contact the dehiscent anther. The “hairiness” of these 
medium-sized bees could also be a determining factor in how successfully pollinia 
adhere to the bee’s body as hairs should increase friction between the exit hole and the 
bee’s body. The width and depth of pollinia-vector bees closely matches the exit orifice 
of the orchid in contrast to the smaller bees’ average width and depth dimensions of 
2.66 mm and 2.16 mm (SD 0.87 and 0.74) respectively. Bees with such measurements 
left the flower without struggling and either failed to contact the anthers or, if they did, 
carried few pollen grains of the host flower. Bumblebee gynes with a mean length of 
20.62 mm and a width of 9.06 mm were observed entering the labellum through the 
large dorsal entrance with a mean length of only 11.96 mm, width of 16.19 mm, and 
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depth of 24.98 mm. These ‘cozy’ flower parameters provide just enough room to roll 
around a bit. However, exiting via the rear orifices is impossible for these large bees. 

Why Do Insects Visit Cypripedium reginae? Although C. regittae flowers offer no 
obvious food rewards in the form of pollen or nectar, it is by far the largest flower in 
the habitat and is even physically larger than the head inflorescences of co-blooming 
Asteraceae. It is a boldly dichromatic flower outside and in. We presume that the 
spotted patterns inside the labellum function as guides leading the insects to the rear 
orifices. Constituents in the faint floral fragrances described above were identified as 
methyl salicylate and benzoic acid methyl ester (Barkman et al. 1997). Interestingly, 
neither compound was found in any of the other eight Cypripedium spp. analysed in 
the same study. Methyl salicylate has been found to act as an herbivore-induced plant 
volatile to recruit specific beneficial insects (James & Price 2004) as well as serving in 
plant disease resistance (Shulaev et al. 1997). 

Reasons for insect visitations to C. regittae vary. Flies and beetles in the genus Diabrotica 
may simply land in or on the flowers by chance. Trichiotinus scarabs are flower beetles 
that may attempt to eat floral tissues. Skippers appear to be drinking, as they extend 
their proboscis into the interior of the labella following a rain shower. Speyeria cybele 
could be consuming molecules released by senescent tissues as has been documented in 
other butterflies in other families, a process known as pharmacophagy (Bopprc 1990). 
Small to medium sized bees must be looking for pollen or nectar but docs this also 
apply to Bombus gynes? Further investigations are needed but Edens-Meier postulates 
here that, based on previous experimental studies, these large bees may be collecting 
aromatic compounds for unknown purposes (Schiestl 8c Roubik 2003) when they roll 
in the labellum. Currently scent collection within the family Apidae is best documented 
in the genus Euglossa and its allies (see Ramirez et al. 2010). 

Comparative pollination ecology of C. reginae vs. other Cypripedium spp. As in 
all Cypripedium spp., studied so far, the floral dimensions of C. reginae produce a 
bilaterally symmetrical kettle trap (sensu Banziger et al. 2005) that ensures pollinia 
dispersal but, as in all Cypripedium spp. it is discretely selective because only insects with 
parallel physical dimensions can carry pollinia upon escaping from the rear orifices of 
the flower. The labellum of C. reginae received far more visits from non-pollinators 
over a three-season period than true pollinia-vectors. In this respect, the pollination 
ecology of C. reginae parallels that of C. plectrochilum (Li et al. 2008) and C. guttatum 
(Banzinger et al. 2005) which are also visited repeatedly by a broader spectrum of 
pollinators and non-pollinating but anthophilous insects that are not of optimal size. 
In C. yunnanense and C.flavum most visitors to these orchids were true pollinia vectors 
although two Calliphora spp. fell into the labellum and died (Banzinger et al. 2008). 
Otherwise, most Cypripedium spp. studied so far attract relatively few insects except for 
pollinators of optimal size (Li et al. 2006; Liu et al. 2008, and see review in Bernhardt 
& Edens-Meier 2010). This means fewer visits to each flower but it also avoids the 
consequences of inappropriate visitors destroying flower parts, covering exit orifices 
when they die in the labellum or accumulating orchid pollen that will never be spread 
to a second flower (Banziger et al. 2005). We postulate that the comparatively large size, 
vivid colours and atypical scent of this flower acts as a supernormal stimulus (sensu 
Manning 1967) on a range of inappropriate but anthophilous insects. Therefore, the 
architectural dimensions in this species are, once again, the only factors regulating 
pollinia dispersal as in small-flowered, C. plectrochilum (Li et al. 2008). While the 
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suite of floral attractants (physical size, colour and odour) in C. reginae entices diverse 
visitors into its labellum, floral dimensions select and restrict the final pollinator vector 
spectrum (sensu van der Pijl & Dodson 1966). 
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Abstract 

The history of regional treatments of the genus Adenostemma in the Australasian region is 
reviewed, and differing opinions on the taxonomy and nomenclature of taxa thought to occur in 
Australia and adjacent regions are summarised. In particular, the competing claims of the names 
A. viscosum and A. lavenia for Australian species are discussed. Examination of most available 
collections in Australian herbaria has led to the conclusion that the variation is best summarised 
by recognising three taxa: A. lavenia (L.) Kuntze var. lavenia, A. lavenia var. lanceolatum (Miq.) 
Koster and A. macrophyllum (Illume) DC. A key, brief diagnostic notes, ecology and distribution 
are provided for these taxa. 


Preface 

Surrey Jacobs had a lifelong interest in aquatic plants. Relatively few Asteraceae are 
aquatic or subaquatic. I trust that he would have found the following discussion of 
some of the few Australian taxa in this family that are at least facultatively subaquatic 
to be of interest. 


Introduction 

While reviewing Adenostemma for the Flora of Australia it has become apparent that 
both the taxonomic circumscription and nomenclature of species in this genus are 
confused and complex. Individual State census lists in Australia (e.g. Porteners 1992, 
Bostock 8c Holland 2007, Kerrigan 8c Albrecht 2007, Florabase 1998+) variously refer 
to essentially the same taxon as A. viscosum , A. lavenia and A. lavenia var. lavenia. 
Another species, A. macrophyllum, has recently been recognised in Queensland 
(Stanley 1986, Bostock 8c Holland 2007). A number of other names, particularly 
A. parviflorum (Blume) DC. (syn. Lavenia parviflora Blume; A. viscosum var. parviflora 
(Blume) Hook.f.) and A. madurense DC. (syn. A. lavenia var. madurettse (DC.) 
Panigrahi) have been caught up in various discussions of synonymy (Koster 1935, 
1936; Panigrahi 1975; Grierson 1980; Smith 1991; Koyama 2001,2002). 
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Adenostemma has a pantropical distribution and is commonly stated to have about 
20-24 species, e.g. King& Robinson (1984), Porteners (1992) and Bremer et al. (1994), 
but according to Koyama (2002) there are up to 30. In Australia there are one, two 
or three species, depending upon the authority consulted. The following discussion is 
confined to the taxa found, or thought to occur, in Australia. All are usually considered 
native to Australia (and to Indonesia and Papua New Guinea immediately to the north). 
One specimen of A. lavenia var. lavenia was allegedly collected in Australia in 1770 by 
Banks and Solander, but its provenence is doubtful (see under that taxon). 

Taxonomic and nomenclatural history 

In the Australasian region, early authors, following Candolle (1836), tended to recognise 
a single, variable, pantropical species under the name A. viscosum J.R.Forst. & G.Forst. 
Candolle also recognised a large number of regional species, from the Americas, Asia 
and the East Indies. In the Australasian region, Miquel (1856) added two additional 
species from Java. Bentham (1866, p. 462) considered that Adenostemma was l A genus 
of a very few American species, one of which spreads all round the warmer zone ol 
the globe.’ He called this widespread taxon A. viscosum , and commented (p. 463) that 
‘The species should include all those published by De Candolle and others from the 
Old World, and al least A. brasilietise and A. triangulare among the American ones.’ 
Subsequent Australian authors followed Bcntham’s view until the mid-20th century. 

Koordcrs (1912) adopted a similar view to Bentham, and included all Javanese species 
(including A. parviflorutn and A. macrophyllum - see below) under a single name, 
A. viscosum, which he considered to be pantropical. He recognised no infraspecific taxa 

Koster (1935) led a gradual reversal of the broad view of A. viscosutn when she recognised 
five species for the Malay Archipelago, of which A. lavenia and A. macrophyllum (Blume) 
DC. are relevant here. Under her key and descriptions these two taxa overlapped 
considerably in morphology, and the only clearly distinguishing character was whether 
the achenes at maturity were densely muricate or more or less smooth. Under A. lavenia 
she recognised four varieties. Undervar. typicum ( nom. inval. = var. lavenia) she included 
as a synonym the name A. viscosum. In her discussion of possible type material (Koster 
1935, p. 475) she mentioned a specimen in Kew ‘on which is written Adenostemma 
viscosa [sic] (Forster); habitat in Jaheitu’and which she identified as conspecific with A. 
parviflorutn (Blume) DC. However, she also stated that a'typespecimcn of Adenostemma 
viscosa [sic]’ viewed at the BM ‘agrees with the specimens of Adenostemma Lavenia (L.) 
O.K. examined’. No formal lectotypification was proposed. Adenostemma parviflorutn 
was accepted by her as a distinct taxon, differing mainly in its smaller florets. In a later 
paper Koster (1966) again accepted A. lavenia and A. macrophyllum, but with slightly 
different circumscriptions of the names A. viscosutn and A. parviflorutn: she accepted 
A. lavenia, divided into four varieties, with var. lavenia again including A. viscosutn, and 
A. parviflorutn reduced to A. lavenia var. parviflorutn (Hook.) Hochr. 

Backer and Bakhuizen van den Brink (1965) adopted a classification for the Javanese 
species which was based on that of Koster (1935) and closely resembled that of Koster 
(1966). They recognised three species: A. hirsutum (not relevant to this discussion), 
A. macrophyllum, and A. lavenia, and in a footnote stated that A. parviflorutn was to be 
treated as A. lavenia var. parviflorutn. The name A. viscosum did not appear, even as a 
synonym. 
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Panigrahi (1975) re-examined typification of names in the complex in the Indian 
region, finding two type sheets of A. viscosum in K and one in BM (with two 
specimens). He did not consider Koster’s discussion as a lectotypification, and formally 
leclotypified the name on one of the Kew specimens (now K00009772). This is the 
specimen that Koster (1935) had identified as A. parviflorum, although, as with Koster, 
he placed the name A. viscosum in synonymy under A. lavenia var. lavenia. Panigrahi 
also lectotypified Verbesina lavenia L. (= A. lavenia) on plate 42 in Burntan’s Thesaurus 
Zeylanicus (1737) and considered that only Adenostemma lavenia, comprising eight 
varieties, was present on the Indian mainland. Adenostemma macrophyllum and 
A. parviflorum were recognised as distinct, but not present in the Indian region. 

Grierson (1980) did not cite Panigrahi’s paper and may have overlooked it. He provided 
two typifications. For Verbesina lavenia L. he gave ‘Type: Herb. Hermann (BM).’ and for 
Adenostemma viscosum J.R.Forst. & G.Forst. he gave ‘Type: Drawing (BM).’ Neither of 
these statements have status as lectotypifications. He treated A. viscosum as a synonym 
of A. lavenia, and A. macrophyllum and A. parviflorum as distinct taxa. 

King and Robinson (1987) stated that A. lavenia and A. viscosum were distinct, with 
A. lavenia restricted to its type locality in Sri Lanka, and A. viscosum widespread, 
from Africa to Sri Lanka, India, Indonesia and the Pacific (as far as Hawai’i according 
to Smith, 1991). King and Robinson (1987) referred to an earlier paper (King & 
Robinson 1974) in which they had reassigned ‘A. lavenia’ specimens from South 
America to a number of endemic taxa, and had recognised a segregate taxon of 
A. viscosum from Fiji. Unfortunately, they did not discuss how A. lavenia s. str. differed 
from the widespread (and partially sympatric) A. viscosum. They recognised A. lavenia 
and A. viscosum, but not A. macrophyllum or A. parviflorum, which were included 
in their broad A. viscosum. Their (King & Robinson 1987) list of 24 accepted species 
omitted Australian taxa, although A. viscosum was listed inter alia as from ‘Indonesia, 
Pacific’. 

Smith (1991) apparently also overlooked Panigrahi’s paper, and stated under 
A. viscosum ‘The type is J.R.& G.Forster (BM LECTOTYPE; ISOLECTOTYPE at K), 
collected on Tahiti, Society Islands, during the second Cook voyage. The BM sheet 
is marked with a comparatively new label as ‘Type specimen’, it bears the numbers 
172 and 284, the latter being the number under which it was listed by Forster (1786).’ 
This statement has no status as a lectotypification as it is predated by that of Panigrahi 
(1975). Smith accepted King &. Robinson’s (1987) statement about the restriction of 
A. lavenia s. str. to Sri Lanka, and adopted the name A. viscosum for the Pacific taxon. 
He did not mention Australian specimens or distribution. 

In the most recent regional accounts of the complex, Koyama (2001, 2002) recognised 
A. lavenia var. lavenia from Japan, Taiwan, S. China, SE Asia, India and Sri Lanka, and 
A. lavenia var. parviflorum from Taiwan, S. China, Thailand, Indonesia (Sumatra), 
New Guinea and the Pacific (Philippines, Caroline Islands, Hawai’i). Adenostemma 
macrophyllum was accepted as a distinct species, from ‘the Malay archipelago’ 
(specimens cited from Sabah, peninsular Malaysia and from Indonesia (Sumatra and 
Java)). Adenostemma viscosum J.R.Forst. & G.Forst. in the sense of its type was excluded 
from A. lavenia but not discussed further. Unfortunately Koyama seems to have seen 
no Australian material. 
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Naming the Australian taxa 

Almost none of the regional studies of the last century have involved Australian 
material, and none have looked at a comprehensive range of Australian collections. 

In Australian State floras in recent years the names A. lavenia (Stanley 1986, Kerrigan 
Sr. Albrecht 2007), A. lavenia var. lavenia (Porteners 1992) and A. viscosum (Lawrence 
1992, FloraBase 1998+) have been variously applied to the most widespread taxon, and 
the name A. macrophyllum has been accepted for some Queensland material (Stanley 
1986, Bostock & Holland 2007). 

If King & Robinson’s concept (King 8< Robinson 1987, Smith 1991) of the restriction 
of A. lavenia to Sri Lanka is accepted, then the muricate-achened species in Australia 
should be given the name A. viscosum. If the views of Koster (1935, 1966), Backer 8c 
Backhuizen van den Brink (1965), Panigrahi (1974) and Koyama (2001,2002) of a much 
wider distribution of A. lavenia are accepted, then the correct name for the Australian 
taxon is A. lavenia (Koster and Panigrahi considered A. viscosum a synonym, Koyama 
considered it distinct). The consensus view of most Australian herbaria is to accept a 
broad A. lavenia and this view is adopted here. However, no-one has provided a key or 
discussion of how, if at all, A. lavenia differs from A. viscosum, and the distributions 
cited by various authors are suspiciously sympatric. 

There is a further problem (although not impacting on Australia) if one accepts 
infraspecific taxa in A. lavenia. Koster (1935) identified as A. parviflorutn the Kew sheet 
that was subsequently chosen as lectotype of A. viscosum by Panigrahi. Adenostemma 
parviflorutn was accepted as a distinct species by Koster (1935), Panigrahi (1975) and 
Koyama (2002), and as A. lavenia var. parviflorutn by Backer and Bakhuizen van den 
Brink (1965) and Koster (1966). Koster thought that the Forster sheet in BM was‘true’ 
A. viscosum, and thus placed A. viscosum in synonymy under A. lavenia var. lavenia. If 
her identification is accepted and her decision was to be taken as a lectotypification 
then the correct name for the Forster Tahitian material in K (but not BM), plus some 
from Malesia, China, Philippines, New Guinea, New Caledonia and Samoa, would be 
A. parviflorutn or A. lavenia var. parviflorutn, while the name A. lavenia var. lavenia (as 
‘var. typicum ’) was applied by her to other plants distributed from South Asia through 
Malesia, East Asia (including China and Japan) to Polynesia (including Hawai’i, Samoa, 
Fiji), and to Australia. No material seen from Australia has achenes or heads as small 
as those described by Koster (1935, 1966) and Koyama (2002) for A. parvifloruml 
A. lavenia var. parviflorutn, and there is no reason to think that this taxon occurs here. 

Panigrahi (1975) identified his lectotype of A. viscosum, the Kew specimen, as 
A. lavenia var. lavenia, a taxon that he considered extended from Pakistan to Japan and 
Polynesia. He apparently did not examine Australian material, but it can be assumed 
that this name (A. lavenia var. lavenia) would also apply to Australian specimens 
under his classification. Koyama (2001,2002) cited specimens of A. lavenia var. lavenia 
from Japan, Korea, China, Nepal, Bangladesh, Laos, Cambodia, Vietnam, Thailand, 
Borneo and Singapore. Eastern Australian material closely matches specimens of this 
taxon illustrated, keyed and briefly described in Koyama (2001). Koster (1935, 1966) 
accepted that this taxon extended to Indonesia, New Guinea and Australia, but cited 
no Australian material. However, it must be remembered that her concept of A. lavenia 
var. lavenia was based on the BM Forster material, not the K lectotype. In summary, the 
name A. lavenia var. lavenia can be applied to the small ovate or narrowly ovate leaved, 
predominantly eastern taxon in Australia. 
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Australian material from Western Australia and from the top end of the Northern 
Territory differs from most eastern specimens, with larger more lanceolate leaves, 
larger heads and larger achenes. The achenes are brown and muricate when mature, 
as in A. lavenia var. lavenia. The leaves share with the latter the character of bearing on 
their upper surface small verrucose white ‘cysts’, white multicellular structures which 
seem anatomically to be hair bases (they occasionally extend into short conical hairs). 
These specimens thus seem to fall within a broad concept of A. lavenia , and match 
the illustrations and description of A. lavenia var. lanceolatum in Koyama (2001). It 
is here proposed that this name be adopted for the WA and most NT material. A few, 
mainly 19th century, collections from Queensland also approach this taxon and are 
included here. Koyama (2001) cited material from Nepal, Thailand, Borneo and Celebes 
(Sulawesi) for this taxon, while Koster (1935, 1966) considered that it also extended to 
Sumatra, Java and New Guinea. 

The name Adenostemma macrophyllum is accepted for specimens with large broadly 
ovate leaves, and black achenes which are more or less smooth when mature. It is found 
in eastern Queensland, principally in the Atherton Tableland /Bellenden Ker region, 
with an outlier much further south, on Mount Archer and in the Springbrook area of 
the Moreton Bay region. 

Mueller (1860) recorded A. latifolium D.Don for the Burdekin River. This taxon, now 
A. lavenia var. latifolium (D.Don) Panigrahi, is confined to India, Nepal and Bangladesh, 
and was almost certainly a misidcntification. The specimen on which this record was 
based has not been relocated, but it probably refers to A. lavenia var. lavenia. 

In summary, the following key and simplified synonymy is proposed for this genus in 
Australia: 


Key to Australian taxa of Adenostemma 

1. Leaves ovate or narrowly ovate (lamina 50-70 (-120) x (15-) 30-35 (-50) mm) to 
lanceolate (lamina then (75-) 130-160 (-200) X 35-60 mm); base acute, tapering 
gradually to petiole; upper surface dull or slightly shiny when dried, with scattered 
white cyst-like hair bases; achenes 2.7—3.5 mm long, brown, densely muricate when 
mature, sometimes also sparsely glandular. l.A. lavenia 

2. Leaves ovate or narrowly ovate, lamina 50-70 (-120) x (15-) 30-35 (-50) mm; 
heads c. 8 mm diam.; achenes 2.7-3.0 mm long . la. A. lavenia var. lavenia 

2: Leaves lanceolate, lamina (75-) 130-160 (-200) X 35-60 mm; heads c. 9-10 mm 
diam.; achenes (3.0-) 3.3-3.5 mm long. lb. A. lavenia var. lanceolatum 

1: Leaves broadly ovate, lamina (90-) 100-140 (-180) mm long, (40-) 70-85 (-125) mm 
wide; base truncate to subcordate, then sharply attenuate into petiole; upper surface ± 
shiny when dried, lacking cyst-like hair bases; achenes 3.0-3.5 mm long, black, 
smooth when mature, sometimes also sparsely glandular. 2. A. macrophyllum 
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l.Adenostemma lavettia (L.) Kuntze, Rev. gen. pi. 1: 304 (1891) 

Verbesina lavenia L., Sp. pi. 902 (1753) 

Type: Sri Lanka. Lectotype (chosen Panigrahi, 1975): J.Burman, ‘Eupatoriophalacron 
Scrophulariae aquatica foliis oppositis’, Thes. zeylati. 95, Plate 42 (1737). 

Note: the epithet lavenia is a noun in apposition, probably derived from the Sinhalese 
vernacular name of the species A. lavenia in Sri Lanka (‘Laveniya’, see Grierson in 
Dassanayake and Fosberg, Rev. Handbook FI. Ceylon 1: 139 (1980)). The generic name 
is neuter, and thus gives rise to, for example, A. viscosum and A. parviflorum. 

la. Adenostemtna lavenia var. lavenia 

Adenostemma viscosum J.R.Forst. & G.Forst., Char. gen. pi. (edn 2) 90 (1776) 

Type: Tahiti. Lectotype (chosen Panigrahi, 1975): Adenostemma viscosum (Forster) 
Habitaties Taheitee (Presented by Corporation of Liverpool), K00009772 (photo!); 
isolcclo: K00009771 (photo!), BM. 

[Adenostemma latifolium auct. non D.Don: F.Mueller, Essay pi. coll. Fitzalan estuary 
Burdekin 18 (I860)] 

An annual or perhaps perennial herb to 60 cm tall, with stems hollow and rooted only 
at base, distinguished by its ovate to narrowly ovate leaves (usually 50-70 x 30-35 
mm), in which the acute base tapers evenly to the upper petiole. The upper surface is 
dull, and sparsely to densely scattered with small white multicellular cyst-like processes 
(probably hair bases). The achenes are brown, 2.7-3.0 mm long, with dense thick 
conical tubercules, glabrous or with scattered short-stalked glandular hairs between the 
tubercles (the transformation from glandular hairs to tubercles during development of 
the achene is discussed and illustrated by Koyama (2001)). 

Ecology: found in damp spots in cultivated land, and on the edge of rivers and swamps 
and other watercourses, in alluvial silt, on basalt or granite, at relatively low altitudes 
from near sea level. Flowers are recorded January to May, fruits March to May. 

Distribution: largely confined to areas east of the Dividing Range, from about Cooktown 
in Queensland to Newcastle in New South Wales, with a few records from the western 
slopes of the Range. Two records from Settlement Creek and Wollogorang Station in 
the Gulf country of the Northern Territory seem to be this taxon, although sharing 
some characteristics of var. lanceolatum. Beyond Australia it is reported from Africa, 
Pakistan, India, Sikkim, Bhutan, Bangladesh, Nepal, Sri Lanka, Myanmar, Thailand, 
Singapore, Laos, Cambodia, Vietnam, Japan, Korea, China, Philippines, Indonesia, New 
Guinea and Polynesia from Borneo to Samoa, Fiji, Tahiti and I Iawai’i. 

The record of‘A. viscosum from South Australia in Bentham (1866) (‘Entrance to the 
Murray River, Wilhelmi’ 11849]) is based on MEL 717573, a collection determined by 
Mueller as A. latifolium D.Don. It is A. lavenia var. lavenia, and may have come from the 
Murray River near Innisfail, N Queensland, or alternatively, is mislabelled. Encounter 
Bay is a most unlikely location for this pantropical taxon. 

lb. Adenostemtna lavenia var. lanceolatum (Miq.) Koster, Blutnea 1: 474 (1935) 
Adenostemma lanceolatum Miq., FI. Ned. Ind. 2: 24 (1856) 

Type: [Indonesia] Java, in Soerakarta, Florsfteld, n.v. 
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A perennial semisucculent herb to 120 cm tall, with stems hollow and rooting at the 
nodes, distinguished by its large lanceolate leaves (usually 130-160 X 35-60 mm), in 
which the acute base tapers evenly to the upper petiole. The upper surface is dull to 
almost shiny and sparsely scattered with small white multicellular cyst-like processes. 
The achenes are similar to those in var. lavettia but slightly larger (usually 3.3-3.5 mm 
vs 2.7—3.0 mm long). The capitula are also slightly larger (9-10 mm diam. vs 8 mm). 

Ecology: a facultatively semiaquatic or bog-dwelling plant, spreading by rooting from 
the lower nodes of decumbent stems. Frequently found growing in water to 20 cm 
deep, in creeks and swamps, usually on black peaty soils, commonly in rainforest, on 
basalt and limestone, at low altitudes from near sea level. Flowers and fruits are present 
from (November-) February to July. 

Distribution: found in Western Australia near Kununurra and in the west Kimberley, 
and in the Northern Territory north of 15°20' S from the WA border to eastern Arnhem 
Land. In Queensland, old (19th century) collections probably representing this taxon 
are known from eastern Cape York Peninsula, and two recent collections from the 
Leichhardt region (Carnarvon Gorge National Park, R.J.Fensham 4777, BR1; and 
Salvator Rosa National Park, R.J. Fensham 3531, BRI) are possibly this taxon. Beyond 
Australia it is reported from Nepal, Thailand, Indonesia (inch Java, Sumatra, Celebes 
and Borneo) and New Guinea. 

2. Adenostemma macrophyllum (Blume) DC., Prodr. 5: 113 (1836) 

Lavenia macrophylla Blume, Bijdr. FI. Ned. Ind. 15: 905 (1826) 

Type: [Indonesia: Java], Crescit in montanis Cede locis humidis; holo: L?, n.v. 

A semi-succulent viscid herb or subshrub to 1 m tall, distinguished by its broadly 
ovate leaves (usually 100-140 X 70-85 mm), in which the base is abruptly truncate 
to subcordate before secondarily tapering shortly and sharply into the upper petiole. 
The mature achenes are black, rather sticky, and smooth, sometimes with sparse short 
stalked glandular hairs, but these never develop into conical tubercles. In young or 
depauperate plants the distinctive truncate leaf base may be less obvious, but the black, 
smooth achenes are then diagnostic. The shiny upper leaf surface lacking cyst-like hair 
bases is also distinctive, although that of A. lavenia var. lanceolatnm is similar, but less 
shiny and has the cyst-like processes. 

Ecology: found in damp spots in grassy forests, on rainforest margins, roadsides, mud 
and edges of swamps, on granite, at altitudes of 680-1150 m. Flowers are present April 
to August (rarely to November), fruits April to November (rarely to January). 

Distribution: almost entirely confined to the Atherton Tableland and Rockingham Bay 
area of north Queensland, with a disjunction to Mount Archer (Leichhardt collection of 
1843) and the Springbrook region (modern collections) in southeastern Queensland. 
Beyond Australia it is reported from India, Bangladesh, Malay Peninsula, Indonesia 
and New Guinea. 

The above should be viewed as an interim account. Like other regional treatments over 
the last century, it does not address variation across the full geographical range of the 
taxa. If and when this is done as part of a world-wide revision, further adjustments may 
be necessary. Such a revision should compare Australian material with the many taxa 
claimed to occur in New Guinea and Indonesia, in particular. 
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Abstract 

Salt lakes are common across inland Australia but within the Pilbara region, in the north west 
of Western Australia, saline habitats are infrequent. Fortescue Marsh is the predominant saline 
system in this region and two new species of conservation interest have been found to occur 
only on the Marsh and Weelarrana Lake south of Newman. Tecticornia globulifera K.A.Sheph. 
sp. nov. and T. medusa K.A.Sheph. & S.J.van Leeuwen sp. nov. are formally named and described 
herein. Images of these new species and a distribution map arc included. 


Introduction 

The episodically inundated Fortescue Marsh is situated in the Fortescue Valley Interim 
Biogeographic Regionalisation for Australia (IBRA) subregion (PIL2) between 
the Chichester and Hamersley Ranges approximately 110 km NNW of Newman. 
This Marsh is almost 100 km long and is 21 km across at its widest point, covering 
a total area of 978 km 2 , provides a significant seasonal habitat for waterbirds (Halse 
et al. 2005) and is the contemporary locality for a confirmed sighting of the elusive, 
Critically Endangered Night Parrot (Pezoporus ocddentalis) (Davis and Metcalf 2008). 
As this is one of the largest and most important wetlands in the Pilbara region, the 
Fortescue Marsh is listed on the Directory of Important Wetlands of Australia as a 
wetland of national and regional significance (WA066) (Kendrick 2001). The Marsh 
was recognised as a Priority High Conservation Value Aquatic Ecosystem (F1CVAE) in 
the 2009-10 Caring for our Country business plan (Commonwealth of Australia 2010) 
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and is cited as an Indicative Place on the Register of the National Estate (Department 
of the Environment, Water, Heritage and the Arts 2010). A significant part (766 km 2 ) of 
the Fortescue Marsh will be added to the conservation estate in 2015 when portions of 
Marillana, Roy Hill, Hillside and Mulga Downs Stations are excised from the pastoral 
estate during the lease renewal process. 

Plant species of conservation significance recorded from the Fortescue Marsh and the 
fringing mulga woodland apron include the Priority One species Myriocephalusscalpellus 
Paul G.Wilson, Calocephalus beardii P.S.Short ms, Nicotiana heterantha Symon & 
Kenneally and Eremophila spongiocarpa Chinnock as well as the Priority Three Atriplex 
flabelliformis Paul G.Wilson, Priority Four Eremophila youngii subsp. lepidota Chinnock 
and Goodenia nuda E.Pritz. Two of these species, namely Myriocephalus scalpellus and 
Eremophila spongiocarpa, are endemic to the Marsh. The Marsh also supports a unique 
samphire community that includes four currently undescribed phrase named species 
of Tecticornia. Three of these, T. sp. Fortescue Marsh (K.A. Shepherd el al. KS1055), 
T. sp. Roy Hill (H. Pringle 62) (described herein as T. globulifera K.A.Sheph. and 
T. medusa K.A.Sheph. & S.J.van Leeuwen respectively) and T. sp. Christmas Creek 
(K.A. Shepherd & T. Colmer et al. KS 1063) are taxa of conservation concern that arc 
currently only known from the Marsh and from Weelarrana Lake, which is a small 
lake around 80 km south of Newman. The fourth taxon, T. sp. Dennys Crossing (K.A. 
Shepherd 8< J. English KS 552), has a widespread distribution across Western Australia. 
It is of interest, that while T. sp. Roy Hill (H. Pringle 62) is readily distinguished by its 
large, bright green articles and long inflorescences, this species had only been collected 
twice in the 1990s and it was not collected during flora surveys that focused in part 
on the Marsh (Ncwbey 8c Newbey 1991; Mattiske Consulting Pty Ltd 2005). This is 
probably due to the fact that this species occurs quite some distance from the outer 
fringes of the Marsh, in situations that experience extended periods of inundation. 
Prior to this study T. sp. Fortescue Marsh (K.A. Shepherd et al. KS1055) (PERTH 
02668459) had previously only been collected once during a survey in 1991 but due 
to a lack of adequate fertile material it was determined as Elalosarcia sp. (KRN 10243) 
(Newbey & Newbey 1991) and its status could not be resolved. Tecticornia sp Christmas 
Creek (K.A. Shepherd 8c T. Colmer ct al. KS 1063) was also only recently discovered and 
further collections are required to resolve its status in relation to allied species such as 
the widespread and variable T. undulata (Paul G.Wilson) K.A.Sheph. 8c Paul G.Wilson. 

Interest in the samphire community of the Fortescue Marsh has increased in recent 
years with the development of a number of mines on the north side of the Marsh, which 
are extracting Marra Mamba iron ore from the southern foothills of the Chichester 
Ranges. Currently two operational mines (Fortescue Metals Group (FMG) Limited 
Cloud Break and Christmas Creek mines) and one under development (Hancock 
Prospecting Pty Ltd Roy Hill project) occur in the area. Changes to groundwater and 
surface hydrological regimes associated with mining operations have significantly 
increased concerns about the impacts on the healthy function of the Marsh and its 
samphire community. These impacts may include altered flow patterns and flow rates 
due to the construction of infrastructure, groundwater levels influenced by aquifer 
drawdown and aquifer re-injection, and the impact on water quality through the 
discharge of excess groundwater to the surface. 

While samphires are recognised as ‘halophytes’ meaning they are salt-loving, species 
actually exhibit differences in salinity tolerance, water use and ability to survive periods 
of inundation (Short 8c Colmer 1999, English 2004, Pedersen ctal. 2006 ). Consequently, 
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there can be distinct patterns of species zonation around the margins of ephemeral 
salt lakes (Datson 2002, English 2004). This is clearly evident at Fortescue Marsh as 
T. indica subsp. bidens (Nees) K.A.Sheph. & Paul G. Wilson tends to dominate on the 
more well-drained outer fringes, whereas the distinct glaucous T. auriculata (Paul 
G.Wilson) K.A.Sheph. & Paul G.Wilson occurs in more waterlogged soil towards the 
inner areas of the marsh away from the shoreline. 

The University of Western Australia in conjunction with FMG and the Western 
Australian Herbarium (PERTH) have recently undertaken an Australian Research 
Council Linkage Project. This research involves studying the ecophysiology of a range of 
samphire species on the Fortescue Marsh to distinguish the impacts of natural dynamics 
of changing water regimes from potential mine-related effects. During a preliminary 
visit to potential study sites on the Fortescue Marsh, populations of T. sp. Roy Hill 
(H. Pringle 62) were discovered growing some distance from the shore and hence it 
is apparent that this species is able to withstand extended periods of waterlogging. 
Therefore, this taxon was selected as one of the focus species for the ARC-linkage study 
along with T. indica subsp. bidens and T. auriculata. As T. sp. Roy Hill (H. Pringle 62) 
is to be included in further studies and due to the increase in potential threats with 
increased mining and exploration activity in the area, it was considered a priority to 
name both this species and T. sp. Fortescue Marsh (K.A. Shepherd et al. KS1055). 


Methods 

Herbarium specimens lodged at PERTH and spirit material preserved in 70% ethanol 
were examined for this study. All measurements were made using callipers or with a 
microscope eye piece graticule. Terminology used to describe the shape of the floral 
bracts follows Shepherd (2007). The seed image was produced using an Environmental 
Scanning Electron Microscope at the Centre for Microscopy, Characterisation and 
Analysis, University of Western Australia (Danilastos 1993). The species distribution 
map was produced using Maplnfo software and DIVA-GIS Version 5.2.O.2. (http://www. 
diva-gis.org/). The map also includes the IBRA categories Version 6.1 (Department 
of the Environment, Water, Heritage and the Arts 2008) as modified on FloraBase. 
Species described in this paper have a conservation priority and therefore their precise 
localities have been withheld. 


Taxonomy 

1 . Tecticornia globulifera K.A.Sheph. sp. nov. 

Differt a Tecticornia pergramdata (J.M.Black) K.A.Sheph. & Paul G.Wilson articulis 
terminalibus globosis, seminibus granularibus rubiginosis. 

Type: Western Australia: Fortescue Marsh [precise locality withheld for conservation 
reasons], K.A. Shepherd, T. Colmer, G. Barrett & J. McHattie KS 1060, 16 Nov 2006; 
holo. PERTH7484828; iso. AD, MEL. 

Tecticornia sp. Fortescue Marsh (K.A. Shepherd KS 1055 et al.) Western Australian 
Herbarium (1988+). 

Pere«m'fl/shrubto0.3-0.5mhigh. VegetafiVearfz'c/esglobulartoobovoid,notcompressed, 
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green or pin to re , 1.5-7(-l 1) mm long, 2.1-5.5 mm wide, epidermis smooth, dull, 
apex runcate, margin entire. Inflorescence 5-16(-22) mm long, 2-4.5 mm wide, forming 
f 5 110 es . on 8’ cylindrical, with a sinuate outline; terminal to main or lateral 

ranc es, orets in each 3-flowered cyme bisexual. Bracts obovoid, fused, cylindrical 
or convex in face view with the upper edge straight to shallowly curved, cylindrical or 
concave in the side view with the upper edge straight or shallowly curved, outer face 
o ract 1 at to slightly rounded, epidermis smooth, dull; apex truncate, margin entire; 
upper bracts free from subtending bracts. Flowers exposed above subtending bracts; 
tree from bracts above and below, free from adjacent florets. Perianth fused, the adaxial 
surface horizontal to shallowly ascending, abaxial surfaces horizontal to shallowly 


Fig.l. Tecticornia globitlifera. a, habit; b, branchlet; c, globular articles and light brown mature 
inflorescences (K.A. Shepherd, L. Moir-Barnetson et al. KS 1079). Scale bars = 10 mm. 
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ascending, laterally square or sometimes rounded, apex truncate; lobes 3, with a small, 
rounded abaxial lobe inside two lateral lobes, margins entire. Stamen 1; anther oblong, 
0.8-1.1 mm long. Ovary free from the stem cortex; style bifid, membranous. Fruiting 
spike scarcely expanded, papery. Apical vegetative growth absent or rarely present. 
Fruitlets exposed above subtending bracts, free from bracts above and below, free from 
lateral fruits; fruiting perianth laterally square or rounded, apex truncate, papery, fused 
with pericarp, style at fruiting stage absent. Pericarp not enclosing seed, not dehiscing 
in medial plane. Seed free from pericarp, horizontal relative to stem axis, rounded to 
ovate with a flattened upper margin and rounded base, small beak, 1-1.3 mm long, 
opaque, red-brown and faintly granular all over. (Fig. 1) 

Flowering. Material has been observed in flower from August and fruits begin to 
mature in November. 

Selected specimens examined: Western Australia: M.N. Lyons & D.A. Mickle 4893 ,2 June 2004 
(BRI, CANB, PERTH); M.N. Lyons & D.A. Mickle 4892, 1 Sep 2005 (AD, DNA, K, MEL, NSW, 
PERTH); M.N. Lyons & D.A. Mickle 4894, 15 Aug 2006 (CANB, PERTH); M.N. Lyons & D.A. 
Mickle 4897, 15 Aug 2006 (AD, CANB, PERTH); K.R. Newbey 10243, 28 Jun 1984 (AD, MEL, 
PERTH); K.A. Shepherd, T. Colmer, G. Barrett & J. McHattie KS 1049, 15 Nov 2006 (CANB, HO, 
PERTH); K.A. Shepherd, T. Colmer, G. Barrett & J. McHattie KS 1055, 16 Nov 2006 (BRI, DNA, 
PERTH); K.A. Shepherd, L. Moir-Barnetson et al. KS 1079, 29 May 2008 (PERTH). 

Distribution. Western Australia: currently only known from the Fortescue Marsh and 
Weelarrana Lake in the Pilbara and Gascoyne IBRA regions of the Eremaean Botanical 
Province (Figure 2). 

Habitat. Tecticornia globulifera is found on moderately saline flats on red-brown gritty 
clay associated with other samphire species. 



Fig.2. Western Australian distribution of Tecticornia globulifera (A) and T. medusa (■) with 
IBRA regions Version 6.1 in grey (Department of the Environment, Water, Heritage and the Arts 
2008). 
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Conservation status. This species is currently only known from two saline systems 
and therefore has a Priority One - Poorly Known Taxa conservation status, as defined 
by the Department of Environment and Conservation (DEC) Conservation Codes for 
Western Australian Flora. This status is accorded to a taxon when there are one or few 
(generally < 5) populations that are considered to be under threat but the taxon can 
not yet be declared as 'rare flora’ as further survey is required. Under the IUCN Red List 
Categories and Criteria this species would therefore be placed in the 'Data Deficient’ 
category (IUCN Standards and Petitions Subcommittee 2010). 

As a large part of the Marsh will become a conservation reserve in 2015 the status for 
this taxon may change to Priority Two in the future. 

Etymology. This epithet is derived from the Latin globulus (little ball) and fero (to bear) 
in reference to its distinct globular articles. 



Fig.3. Tecticornia medusa, a, Louis Moir-Barnetson collecting seed for glasshouse trials from 
a large population of T. medusa on Fortescue Marsh; b, habit of a young plant showing the 
inflorescences are much narrower than the large subtending vegetative articles; c, older plant 
with a mass of‘snake-like’ mature inflorescences. Photographs a, K.A. Shepherd; b, c, K.R. Thiele. 
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Affinity. Tecticornia globulifera is similar to T. pergramtlata and entities within the 
T. halocnemoides complex (Wilson 1980; Shepherd 8c Lyons 2009, see Affinity section pg 
177) but is readily distinguished by its obvious terminal globular articles. This species 
does not have long succulent, vegetative branches and it is apparent that articles wither 
and slough away relatively quickly, leaving the terminal ‘balls’ for which this species is 
named. T. globulifera also differs from T. pergranulata by virtue of its red-brown seeds 
that are granular all over. T. pergramtlata has long vegetative branches of cylindrical or 
obovoid articles and dark brown or black seeds with concentric rings of dense rounded 
protrusions (Shepherd et al. 2005). 

Notes. Mature seed embryo not seen for this species. 

2. Tecticornia medusa K.A.Sheph. 8c S.J.van Leeuwen sp. nov. 

Tecticorniae halocnemoidi subsp longispicatae (Paul G.Wilson) K.A.Sheph. 8c Paul 
G.Wilson affini, sed articulis magnis viridibus, inflorescentia angustata, seminibus 
ovatis rubiginosis 1-1.1 mm longis notabilis. 

Type: Western Australia: Fortescue Marsh [precise locality withheld for conservation 
reasons], K.A. Shepherd, T. Colmer, G. Barrett, J. McHattie KS 1048a, 15 Nov 2006; holo. 
PERTH7462824; iso. CANB, MEL, K. 

Halosarcia sp. Roy Hill (H. Pringle 62); Tecticornia sp. Roy Hill (H. Pringle 62); Western 
Australian Herbarium (1998+). 

Perennial shrub to 0.3-0.7 m high. Vegetative articles obovoid to cylindrical, not 
compressed, bright green, 4-17 mm long, 4.5-13 mm wide, epidermis smooth, 
dull or slightly glossy, apex truncate, margin entire. Inflorescence 11-43 mm long, 
2.5-4.5 mm wide, forming a spike 10-32 nodes long, narrowly cylindrical, with a 
smooth outline, terminal to main or lateral branches; florets in each 3-flowered cyme 
bisexual. Bracts fused, cylindrical or slightly convex in face view with the upper edge 
straight or shallowly curved, cylindrical or slightly convex in side view with the upper 
edge straight or shallowly curved, outer face of bract flat or slightly rounded, epidermis 
smooth, dull or slightly glossy; apex truncate or slightly acute, margin entire; upper 
bracts free from subtending bracts. Flowers partially exposed above subtending bracts; 
free from bracts above and below, free from adjacent florets. Perianth fused, the adaxial 
surface horizontal or shallowly ascending, abaxial surfaces horizontal to shallowly 
ascending, laterally square, apex truncate; lobes 3, with a small, rounded abaxial 
lobe inside two lateral lobes, margins entire. Stamen 1; anther oblong, 0.6-0.8 mm 
long, abaxial to the ovary. Ovary free from the stem cortex; style bifid, membranous. 
Fruiting spike not expanded, papery. Apical vegetative growth absent. Fruitlets exposed 
above subtending bracts, free from bracts above and below, free from lateral fruits; 
fruiting perianth laterally square, apex truncate, papery, fused with the pericarp, style 
at fruiting stage absent. Pericarp not enclosing seed, not dehiscing in medial plane. Seed 
free from the pericarp, horizontal to shallowly ascending relative to stem axis, rounded 
with a small beak, 1-1.1 mm long, opaque, light gold brown with 3 to 4(-4.5) rows of 
small bumps on the outer margin and towards centre of seed, sides smooth and shiny. 
Embryo curved, lateral perisperm present. (Figs 3 & 4) 

Flowering. Material seen in flower from July and November. Mature fruits were 
observed in May. 
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Selected specimens examined: Western Australia: M.N. Lyons & D.A. Mickle 4895, 3 Jun 2004 
(DNA, NSW, PERTH ); M.N. Lyons & D.A. Mickle 4898 ,3 Jun 2004 (BRI, PERTH ); M.N. Lyons & 
D.A. Mickle 4899 ,1 Sep 2005 (AD, BRI, HO, MEL, NSW, NY, PERTH); M.N. Lyons & D.A. Mickle 
4900, 15 Aug 2006 (CANB, PERTH); A.A. Mitchell 1834, 8 Apr 1990 (PERTH); A.A. Mitchell PRP 
1287 ,27 Jul 1996 (CANB, PERTH); H. Pringle 62 ,3 Nov 1990 (PERTH); K.A. Shepherd, T. Colmer, 
G. Barrett, J. McHattie KS 1048b, 15 Nov 2006 (DNA, K, PERTH); K.A. Shepherd, T. Colmer, 
G. Barrett, J. McHattie KS 1056 ,16 Nov 2006 (AD, HO, NSW, PERTH); K.A. Shepherd, T. Colmer, 
G. Barrett, J. McHattie KS 1057, 16 Nov 2006 (MO, PERTH); K.A. Shepherd, L. Moir-Barnetson et 
al. KS 1084 ,29 May 2008 (PERTH). 

Distribution. This species is restricted to the floodplains of Fortescue Marsh and 
Weelarrana Lake south of Weelarrana Hill, in the Pilbara and Gascoyne IBRA regions 
of the Eremaean Botanical Province (Fig. 2). 

Habitat. Tecticornia medusa grows in red-brown gritty clay on a saline alluvial plain and 
is found in dense populations some distance from the shoreline. This area is likely to be 
inundated for longer periods and it is hypothesised that this species is more tolerant of 
waterlogging than other species found in the area. 

Conservation status. This species has Priority Three - Poorly Known Taxa 
conservation status as defined by the Department of Environment and Conservation 
(DEC) Conservation Codes for Western Australian Flora, as it is currently known from 
a number of populations on the Fortescue Marsh and Weelarrana Lake approximately 
160 km to the south. This category relates to taxa that are known from several 
populations, at least some of which are not believed to be under immediate threat. 
Like other priority taxa it can not be declared as ‘rare flora’ until further population 



Fig.4. Tecticornia medusa, a, vegetative articles; b, vegetative branches and inflorescences; c, light 
brown mature inflorescences; d, close up of laterally square fruit with base of the red-brown seed 
exposed; e, seed in detail showing rows of rounded protrusions on the outer margin, (a-d K.A. 
Shepherd, T. Colmer, G. Barrett, J. McHattie KS 1048b; e, H. Pringle 62). Scale bar: a-c = 10 mm, 
d = 0.8 mm; e = 100 pm. 
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survey and monitoring has been undertaken. Consequently, under the 1UCN Red List 
Categories and Criteria this species would be categorised as ‘Data Deficient’ (IUCN 
Standards and Petitions Subcommittee 2010). 

Etymology. At maturity, the long terminal inflorescences of this species may become 
curved and twisted, reminiscent of Medusa the Gorgon of Greek mythology whose hair 
was a mass of living venomous snakes. The epithet is used as a noun in apposition. 

Affinity. Tecticornia medusa is similar to entities within the T. halocnemoides subsp. 
longispicata (Paul G.Wilson) K.A.Shcph. & Paul G.Wilson complex (Wilson 1980) 
and T. sp. Lake Way (P. Armstrong 05/961) by virtue of its long inflorescences and 
the pithy, laterally square fruits and ornamented seeds. It is readily distinguished 
from other samphires by its much larger articles (4-17 mm long). These stand out as 
the inflorescences appear much narrower than the subtending articles. The seeds of 
T. medusa are red-brown, ovate and 1-1.1 mm long with 3 to 4(—4.5) rows of small 
bumps on the outer margin and smooth sides. There is considerable variation within 
T. halocnemoides subsp. longispicata, which requires further taxonomic work, however 
the articles of this group are smaller and generally less than 5 mm long. Tecticornia sp. 
Lake Way (P. Armstrong 05/961) has articles that are 4-7 mm long and the seeds of this 
taxon arc roundish, light brown in colour and 0.8 mm long. There arc 3(-3.5) rows of 
small rounded protrusions on the outer margin and the sides of the seed are smooth. 
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Corrigendum—Telopea 12(4) 

Snow, N and Wilson, Peter G (2010) New species of Eugenia and Gossia (Myrtaceae: 
Myrteae) from Papua New Guinea 

p. 454. At some point between authors’ proofs and sending the journal to the printers 
a line dropped out of the information on the type specimen. The pdf version has been 
corrected but the printed version should read as follows: 

Eugenia craveniana N. Snow and Peter G. Wilson, sp. tiov. 

Ab E. reinwardtiana marginibus foliorum undulatis et pedicellis plerumque glabris 
differt. 

Type: Papua New Guinea: Central: Mori River, 245 m, 14 Feb 1969, E.E. Henty & 
Y. Lelean NGF41872 (holo BISH; iso A, BRI, CANB, K, LAE n.v., NSW). 
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